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(54) COMPOUND FOR ORGANIC EL ELEMENT AND ORGANIC EL ELEMENT 

(57)Abstract: 

PURPOSE: To obtain a compound which can be 
used as an organic EL element, particularly as a hole 
infusion transporting layer, because it shows 
prolonged emission life and high brilliance of high 
durability and reliability. 

CONSTITUTION: This compound is represented by 
the formula (R1-R4 are each an aryl, an alkyl, an 
alkoxy, amino, halogen; r1-r4 are each 0-5; R5-R6 
are each an alkyl, alkoxy, amino, halogen; r5, r6 are 
each 0-4), for example, N,N,N',N'- tetra(3-biphenylyl) 
benzidine. This compound is obtained by heating a di 
(biphenyl) amine compound arid a diiodo-biphenyl, or 
N,N'-diphenylbenzine and a iodobiphenyl in 
combination, respectively, in the presence of copper. 

This compound has a high melting point, high glass transition point and the thin film 
formed by metallization or the like is clear and forms a stabilized amorphous smooth thin 
film even over the room temperature, thus it can be formed into a thin film by itself in no 



need of a resin binder. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]A compound for organic EL devices which is a tetra aryl diamine derivative 
expressed with the following-ization 1 . 
[Formula 1] 




In the [-izing 1, R^ R 2 , R 3> and R 4 , An aryl group, an alkyl group, an alkoxy group, an 

aryloxy group, an amino group, or a halogen atom is expressed, respectively, and at least 
one in R r R 2 , R 3 , and R 4 is an aryl group. r1, r2, r3, and r4 are the integers of 0, or 1-5, 

respectively, the sums of r1 , r2, r3, and r4 are one or more integers, and at least one aryl 
group exists as R 1 - R 4 . R 5 and R g express an alkyl group, an alkoxy group, an amino 

group, or a halogen atom, respectively, and these may be the same or may differ. r5 and r6 
are the integers of 0, or 1-4, respectively; ] 

[Claim 2]A compound for organic EL devices of claim 1 which 2-4 in said R 1 - R 4 are an aryl 

group, and at least two in these aryl groups have combined with the para position or a meta 
position to a connecting position of N. 

[Claim 3]A compound for organic EL devices of claim 2 whose at least one aryl group in 
said R 1 - R 4 is a phenyl group. 

[Claim 4]lt is expressed with the following-ization 2. One compound for organic EL devices 
of claims 1-3. 
[Formula 2] 



l"*i+Y\' //\%n\r\*rA i-r*rf1 irvrvit rrr\ ir%/r»rri .Kin /+-*-**-r-i nmk 



a /i nnnQ 
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In the [-izing 2, A 2 , A 3 , and A 4 are phenyl groups combined with the para position or a 

meta position to the connecting position of N, respectively, and these may be the same or 
may differ. R 7 , R 8 , R gJ and R 1Q express an alkyl group, an alkoxy group, an aryl group, an 

aryloxy group, an amino group, or a halogen atom, respectively, and these may be the 
same or may differ. r7, r8, r9, and r10 are the integers of 0, or 1-4, respectively. R and R- 

express an alkyl group, an alkoxy group, an amino group, or a halogen atom, respectively, 
and these may be the same or may differ. r5 and r6 are the integers of 0, or 1-4, 
respectively. ] 

[Claim 5]A compound for organic EL devices of claim 2 whose at least one aryl group in 
said R 1 - R 4 is a naphthyl group, an anthryl group, a pyrenyl group, a peri RENIRU group, 

or the Kolone Nils group. 

[Claim 6]A compound for organic EL devices of claim 1 , 2, or 5 expressed with the 
following-ization 3. 
[Formula 3] 

(Z 2 )s2 v s /=Y n ^(Z 3 )s3 




Ar 



In the [-izing 3, Ar expresses the aryl group combined with the para position or a meta 
position to the connecting position of N. Z 2 , and Z g express an alkyl group, an alkoxy 

group, an aryl group, an aryloxy group, an amino group, or a halogen atom, respectively, 
and these may be the same or may differ. However, although at least one in Z y Z 2 , and Z 3 

expresses the aryl group combined with the para position or a meta position to the 
connecting position of N, It does not become a phenyl group which Ar, Z v Z 2 , and Z 3 

combine with the para position or a meta position to the connecting position of N 
simultaneously. s1 , s2, and s3 are the integers of 0, or 1-5, respectively, and the sums of 
s1, s2, and s3 are one or more integers. R Q expresses an alkyl group, an alkoxy group, an 
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aryl group, an aryloxy group, an amino group, or a halogen atom. rO is an integer of 0, or 1- 
4, respectively. R 5 and R g express an alkyl group, an alkoxy group, an aryl group, or a 

halogen atom, respectively, and these may be the same or may differ. r5 and r6 are the 
integers of 0, or 1-4, respectively. ] 

[Claim 7]One compound for organic EL devices of claims 1-4 expressed with the following- 
ization 4. 
[Formula 4] 




In the [-izing 4, R ? , R g , R g , and R 1Q express an alkyl group, an alkoxy group, an aryl group, 

an aryloxy group, an amino group, or a halogen atom, respectively, and these may be the 
same or may differ. r7, r8, r9, and r10 are the integers of 0, or 1-4, respectively. R ir R 12 , 

R 13 , and -R express an alkyl group, an alkoxy group, an aryl group, an aryloxy group, an 

amino group, or a halogen atom, respectively, and these may be the same or may differ. 
r1 1 , r12, r13, and r14 are the integers of 0, or 1-5, respectively. R g and R g express an alkyl 

group, an alkoxy group, an amino group, or a halogen atom, respectively, and these may 
be the same or may differ. r5 and r6 are the integers of 0, or 1-4, respectively. ] 
[Claim 8]A compound for organic EL devices of claim 7 said r5, r6, r7, r8, r9, r10, r1 1 , r12, 
r13, and whose r14 are 0, respectively. 

[Claim 9]One compound for organic EL devices of claims 1-4 expressed with the following- 
ization 5. 
[Formula 5] 
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( R 12)r12 

In the [-izing 5, R 7 , R Q , R g , and R 1Q express an alkyl group, an alkoxy group, an aryl group, 

an aryloxy group, an amino group, or a halogen atom, respectively, and these may be the 
same or may differ. r7, r8, r9, and r10 are the integers of 0, or 1-4, respectively. R^ , R 12 , 

R 13> and R 14 express an alkyl group, an alkoxy group, an aryl group, an aryloxy group, an 

amino group, or a halogen atom, respectively, and these may be the same or may differ. 
r1 1, r12, r13, and r14 are the integers of 0, or 1-5, respectively. R 5 and R g express an alkyl 

group, an alkoxy group, an amino group, or a halogen atom, respectively, and these may 
be the same or may differ. r5 and r6 are the integers of 0, or 1-4, respectively. ] 
[Claim 10]A compound for organic EL devices of claim 9 said r5, r6, r7, r8, r9, r10, r11, r12, 
r13, and whose r14 are 0, respectively. 

[Claim 1 1]One compound for organic EL devices of claims 1-4 expressed with the 
following-ization 6. 
[Formula 6] 

( R 1 3>r1 3 r t \ fj (R 14)r 1 4 



(Rn)ri 




In the [-izing 6, R_, R 8> R g , and R 1Q express an alkyl group, an alkoxy group, an aryl group, 

an aryloxy group, an amino group, or a halogen atom, respectively, and these may be the 
same or may differ. r7, r8, r9, and r10 are the integers of 0, or 1-4, respectively. R ir R 12 , 

R 13 , and R express an alkyl group, an alkoxy group, an aryl group, an aryloxy group, an 
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amino group, or a halogen atom, respectively, and these may be the same or may differ. 
r1 1 , M2, r13, and r14 are the integers of 0, or 1-5, respectively. R g and R g express an alkyl 

group, an alkoxy group, an amino group, or a halogen atom, respectively, and these may 
be the same or may differ. r5 and r6 are the integers of 0, or 1-4, respectively. ] 
[Claim 12]A compound for organic EL devices of claim 1 1 said r5, r6, r7, r8, r9, r10, r1 1 , 
r12, r13, and whose r14 are 0, respectively. 

[Claim 13]One compound for organic EL devices of claims 1-4 expressed with the 
following-ization 7. 
[Formula 7] 




In the [-izing 7, R ? , R Q , R g , and R 1Q express an alkyl group, an alkoxy group, an aryl group, 

an aryloxy group, an amino group, or a halogen atom, respectively, and these may be the 
same or may differ. r7, r8, r9, and r10 are the integers of 0, or 1-4, respectively. R^, R 12> 

R 13 , and R express an alkyl group, an alkoxy group, an aryl group, an aryloxy group, an 

amino group, or a halogen atom, respectively, and these may be the same or may differ. 
r1 1, r12, r13, and r14 are the integers of 0, or 1-5, respectively. R & and R Q express an alkyl 

group, an alkoxy group, an amino group, or a halogen atom, respectively, and these may 
be the same or may differ. r5 and r6 are the integers of 0, or 1-4, respectively. ] 
[Claim 14]A compound for organic EL devices of claim 13 said r5, r6, r7, r8, r9, r10, r1 1 , 
r12, r13, and whose r14 are 0, respectively. 

[Claim 15]One compound for organic EL devices of claims 1-4 expressed with the 
following-ization 8. 
[Formula 8] 
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(Ria), 



r13 



( R u)rl4 



( R 10)r10 



(Rn)rl 




In the [-izing 8, R Jt R Qi R g , and R 1Q express an alkyl group, an alkoxy group, an aryl group, 

an aryloxy group, an amino group, or a halogen atom, respectively, and these may be the 
same or may differ. r7, r8, r9, and r10 are the integers of 0, or 1-4, respectively. R ir R 12> 

R 13 , and R 14 express an alkyl group, an alkoxy group, an aryl group, an aryloxy group, an 

amino group, or a halogen atom, respectively, and these may be the same or may differ. 
r1 1, r12, M3, and r14 are the integers of 0, or 1-5, respectively. R 5 and R Q express an alkyl 

group, an alkoxy group, an amino group, or a halogen atom, respectively, and these may 
be the same or may differ. r5 and r6 are the integers of 0, or 1-4, respectively. ] 
[Claim 16]A compound for organic EL devices of claim 15 said r5, r6, r7, r8, r9, MO, r11, 
r12, r13, and whose r14 are 0, respectively. 

[Claim 17]One compound for organic EL devices of claims 1-4 expressed with the 
following-ization 9. 
[Formula 9] 



<R13>. 



<Rlo)r10 




( R i4>n4 



(R/)r7 



(Ra)rs 



In the [-izing 9, R ? , R QI R g , and R express an alkyl group, an alkoxy group, an aryl group, 

an aryloxy group, an amino group, or a halogen atom, respectively, and these may be the 
same or may differ. r7, r8, r9, and r10 are the integers of 0, or 1-4, respectively. R B R 12 , 

R 13 , and R express an alkyl group, an alkoxy group, an aryl group, an aryloxy group, an 

amino group, or a halogen atom, respectively, and these may be the same or may differ. 
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M 1 , r12, r13, and r14 are the integers of 0, or 1-5, respectively. R g and R g express an alkyl 

group, an alkoxy group, an amino group, or a halogen atom, respectively, and these may 
be the same or may differ. r5 and r6 are the integers of 0, or 1-4, respectively. ] 
[Claim 18]A compound for organic EL devices of claim 17 said r5, r6, r7, r8, r9, r10, r11,_ 
r12, r13, and whose r14 are 0, respectively. 

[Claim 19]A compound for organic EL devices of claim 1 , 2, 5, or 6 expressed with the 
following-ization 10. 
[Formula 10] 




In the [-izing 10, and Ar 2 express an aryl group, respectively, and these may be the 

same or may differ. R 15 and R 16 express an alkyl group, an alkoxy group, an aryl group, an 

aryloxy group, an amino group, or a halogen atom, respectively, and these may be the 
same or may differ. r15 and r16 are the integers of 0, or 1-4, respectively. R._ and R. Q 

express an alkyl group, an alkoxy group, an aryloxy group, an amino group, or a halogen 
atom, respectively, and these may be the same or may differ. r17 and r18 are the integers 
of 0, or 1-5, respectively. R g and R Q express an alkyl group, an alkoxy group, an amino 

group, or a halogen atom, respectively, and these may be the same or may differ. r5 and r6 
are the integers of 0, or 1-4, respectively. ] 

[Claim 20]A compound for organic EL devices of claim 19 said r5, r6, r15, r16, r17, and 
whose r18 are 0, respectively. 

[Claim 21 ]A compound for organic EL devices of claim 1 , 2, 5, or 6 expressed with the 
following-ization 11. 
[Formula 11] 




In the [-izing 11, Ar 1 and Ar 3 express an aryl group, respectively, and these may be the 
same or may differ. R 15 and R 2Q express an alkyl group, an alkoxy group, an aryl group, an 
aryloxy group, an amino group, or a halogen atom, respectively, and these may be the 
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same or may differ. r15 and r20 are the integers of 0, or 1-4, respectively. R i( . and R_ rt 

express an alkyl group, an alkoxy group, an aryloxy group, an amino group, or a halogen 
atom, respectively, and these may be the same or may differ. r18 and r19 are the integers 
of 0, or 1-5, respectively. R g and R g express an alkyl group, an alkoxy group, an amino 

group, or a halogen atom, respectively, and these may be the same or may differ. r5 and r6 
are the integers of 0, or 1-4, respectively. ] 

[Claim 22]A compound for organic EL devices of claim 21 said r5, r6, r15, r18, r19, and 
whose r20 are 0, respectively. 

[Claim 23]A compound for organic EL devices of claim 1 , 2, 5, or 6 expressed with the 
following-ization 12. 
[Formula 12] 




Ar r Ar 2 



In the [-izing 12, Ar^ Ar 2 , and Ar 3 express an aryl group, respectively, and these may be 

the same or may differ. R 1g , R 16 , and R 2Q express an alkyl group, an alkoxy group, an aryl 

group, an aryloxy group, an amino group, or a halogen atom, respectively, and these may 
be the same or may differ. r15, r16, and r20 are the integers of 0, or 1-4, respectively. R„ 0 

expresses an alkyl group, an alkoxy group, an aryloxy group, an amino group, or a halogen 
atom. r18 is an integer of 0, or 1-5. R g and R g express an alkyl group, an alkoxy group, an 

amino group, or a halogen atom, respectively, and these may be the same or may differ. r5 
and r6 are the integers of 0, or 1-4, respectively. ] 

[Claim 24]A compound for organic EL devices of claim 23 said r5, r6, r15, r16, r18, and 
whose r20 are 0, respectively. 

[Claim 25]A compound for organic EL devices of claim 1 , 2, 5, or 6 expressed with the 
following-ization 13. 
[Formula 13] 




In the [-izing 13, Ar 4 and Ar 5 express an aryl group, respectively, and these may be the 
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same or may differ. R 1g and R 16 express an alkyl group, an alkoxy group, an aryl group, an 

aryloxy group, an amino group, or a halogen atom, respectively, and these may be the 
same or may differ. r15 and r16 are the integers of 0, or 1-4, respectively. R 17 and R 1Q 

express an alkyl group, an alkoxy group, an aryloxy group, an amino group, or a halogen 
atom, respectively, and these may be the same or may differ. r17 and r18 are the integers 
of 0, or 1-5, respectively. R 5 and R g express an alkyl group, an alkoxy group, an amino 

group, or a halogen atom, respectively, and these may be the same or may differ. r5 and r6 
are the integers of 0, or 1-4, respectively. ] 

[Claim 26]A compound for organic EL devices of claim 25 said r5, r6, r15, r16, r17, and 
whose r18 are 0, respectively. 

[Claim 27]A compound for organic EL devices of claim 1 , 2, 5, or 6 expressed with the 
following-ization 14. 
[Formula 14] 

Ar e 

(R^rao^^ // — V (Rls)r18 
\ / 




In the [-izing 14, Ar 4 and Ar g express an aryl group, respectively, and these may be the 

same or may differ. R 1g and R 2Q express an alkyl group, an alkoxy group, an aryl group, an 

aryloxy group, an amino group, or a halogen atom, respectively, and these may be the 
same or may differ. r15 and r20 are the integers of 0, or 1-4, respectively. R 18 and R 1Q 

express an alkyl group, an alkoxy group, an aryloxy group, an amino group, or a halogen 
atom, respectively, and these may be the same or may differ. r18 and r19 are the integers 
of 0, or 1-5, respectively. R 5 and R g express an alkyl group, an alkoxy group, an amino 

group, or a halogen atom, respectively, and these may be the same or may differ. r5 and r6 
are the integers of 0, or 1-4, respectively. ] 

[Claim 28]A compound for organic EL devices of claim 27 said r5, r6, r15, r18, r19, and 
whose r20 are 0, respectively. 

[Claim 29]A compound for organic EL devices of claim 1, 2, 5, or 6 expressed with the 
following-ization 15. 
[Formula 15] 
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In the [-izing 15, Ar 4 , Ar 5 , and Ar 6 express an aryl group, respectively, and these may be 

the same or may differ. R 1g , R 1g , and R 2Q express an alkyl group, an alkoxy group, an aryl 

group, an aryloxy group, an amino group, or a halogen atom, respectively, and these may 
be the same or may differ. r15, r16, and r20 are the integers of 0, or 1-4, respectively. R HO 

1 o 

expresses an alkyl group, an alkoxy group, an aryloxy group, an amino group, or a halogen 
atom. r18 is an integer of 0, or 1-5. R 5 and R Q express an alkyl group, an alkoxy group, an 

amino group, or a halogen atom, respectively, and these may be the same or may differ. r5 
and r6 are the integers of 0, or 1-4, respectively. ] 

[Claim 30]A compound for organic EL devices of claim 29 said r5, r6, r15, r16, r18, and 
whose r20 are 0, respectively. 

[Claim 31]An organic EL device which has at least one layer of layers containing at least 
one or more sorts of one compound for organic EL devices of claims 1-30. 
[Claim 32]An organic EL device of claim 31 which has at least one layer of layers 
containing at least one or more sorts of mixtures of a compound which has at least one or 
more sorts and an electron injection transportation function of said compound for organic 
EL devices. 

[Claim 33]An organic EL device of claim 32 whose compound which has said electron 
transportation function is tris(8-quinolinolato) aluminum. 

[Claim 34]An organic EL device of claim 32 or 33 whose layer containing said mixture is a 
luminous layer. 

[Claim 35]One organic EL device of claims 31-34 which dope a fluorescence substance to 
at least one layer of layers containing at least one or more sorts of said compound for 
organic EL devices. 

[Claim 36]An organic EL device of claim 35 in which said fluorescence substance is 
rubrene. 

[Claim 37]One organic EL device of claims 31-36 which a layer containing at least one or 
more sorts of said compound for organic EL devices is a hole-injection transporting bed, 
and have this hole-injection transporting bed and luminous layer. 
[Claim 38]An organic EL device of claim 37 constituted above two-layer [ from which a 
presentation of said hole-injection transporting bed differs ]. 

[Claim 39]An organic EL device of claim 38 with which at least one layer of said hole- 
injection transporting bed contains a polythiophene. 
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[Claim 40]One organic EL device of claims 37-39 which have an electron injection 
transporting bed. 

[Claim 41 ]A layer containing at least one or more sorts of said compound for organic EL 
devices is a layer which has a hole-injection transportation function, A layer which has a 
layer or an electron injection transportation function to have a luminescence function in 
contact with this layer is provided, An organic EL device of claim 31 , 35, or 36 whose 
difference of the ionization potential Ip with a layer which has a layer which has said hole- 
injection transportation function, a layer which has said luminescence function, or an 
electron injection transportation function is 0.25 eV or more. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to the compound for organic EL devices and 
organic electroluminescence (electroluminescence) element which are tetra aryl diamine 
derivatives. 
[0002] 

[Description of the Prior Art]By irradiating with light conventionally, produce conductivity, 
electric charge generation, etc., namely, the low-molecular-weight organic compound which 
has light and an electronic function, In itself, in order not to have thin-film-forming ability in 
many cases and to form a thin film, it was required to apply on a substrate and to thiQ-film- 
ize in the state where distributed binder resin, therefore it diluted. Even when it had thin- 
film-forming ability by itself by methods, such as vacuum deposition, thin film stability is 
insufficient and it was easy to start physical changes, such as a phase transition. 
[0003]On the other hand, although indicated by JP,2-277071,A about the specific tetra aryl 
diamine system compound as a material which forms the photosensitive layer of an electro 
photography photo conductor, the use as a compound for organic EL devices is not 
suggested at all. 

[0004]On the other hand, an organic EL device has the composition which sandwiched the 
thin film containing a fluorescence organic compound by the negative pole and the anode, 
It is an element which makes an exciton (exciton) generate and is made to emit light using 
discharge (fluorescence and phosphorescence) of the light at the time of this exciton being 
deactivated by making an electron and an electron hole (hole) pour in and recombine with 
said thin film. 

[0005]The feature of this organic EL device is that the high-intensity surface light about 100 

- 100000 cd/m 2 is possible by the low voltage not more than 10V, and luminescence from 
blue to red is possible by choosing the kind of fluorescence substance. 
[0006]However, the problem of an organic EL device is that a luminescence life is short and 
endurance and reliability are low, and is as this cause, [0007]** Physical change of an 
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organic compound (an appearance, growth, etc. of the grain boundary cause uneven- 
ization of an interface, and cause degradation of the electric charge pouring ability of an 
element, a short circuit, and a dielectric breakdown.) If especially a with a molecular weight 
of 500 or less low molecular weight compound is used, an appearance and growth of the 
grain boundary will take place and membranous will fall remarkably. Even if ruined, an 
appearance and growth of the remarkable grain boundary take place, decline in luminous 
efficiency and leak of current are caused, and it stops emitting light. It also becomes a 
cause of the dark spot which is a partial nonluminescent part. 

[0008]** Oxidation and exfoliation of the negative pole (in order to make pouring of an 
electron easy, Mg, Li, Na, aluminum, etc. are used for the negative pole as small metal of a 
work function, but as for these metal, it reacts to the moisture in the atmosphere, or oxygen, 
or exfoliation with an organic layer takes place, and electric charge pouring becomes 
impossible) When membranes are formed especially by the wet methods, such as a spin 
coat, in order that the residual solvent and decomposition product at the time of membrane 
formation may promote oxidation reaction of an electrode, exfoliation of an electrode takes 
place and it is easy to generate a dark spot. 

[0009]** Luminous efficiency is low and there is much calorific value (since current is sent in 
an organic compound, an organic compound must be placed under high field intensity, and 
generation of heat is not escaped.). Degradation and destruction of an element take place 
by melting of an organic compound, crystallization, a pyrolysis, etc. for the heat. 
[0010]** Photochemical change, electrochemical change, etc. of an organic compound 
layer are mentioned. 

[001 1]As a means to solve these technical problems, the organic EL device, with which the 
electron hole (hole) pouring transportation belt comprised a hole injectional porphyrin 
compound and the third class of electron hole transportability aromatic amine is indicated 
by JP,63-295695,A (correspondence U.S. Pat. No. 4720432 specification). Specifically in 
Examples 1,10, and 11 of above-mentioned JP,63-295695,A, The transparent anode of 
indium and stannic acid ghost covering glass, the copper phthalocyanine for hole injections 
(PC-10) (35 nm) Or 37.5 nm, 1 ,r-bis(4-di-p-tolylamino phenyl)cyclohexane for hole 
transportation (ATA-1) (35 nm) Or 37.5 nm, the object for luminescence, the 
aluminumtrisoxine (60 nm) for electron injection transportation (CO-1), and the organic EL 
device formed with the Mg-Ag cathode (200 nm) are indicated. And when this element is 

made to drive by constant current density for 500 hours, in 5 mA/cm . an initial output — 

0.05 mW/cm 2 (37.5% of decreasing rate) from 0.08 mW/cm 2 - in 20 mA/cm 2 . 0.066 

mW/cm 2 (86.7% of decreasing rate) from 0.45 mW/cm 2 - in 40 mA/cm 2 , it is falling to <0.1 

mW/cm 2 (decreasing rate > 91.3%) from 1.15 mW/cm 2 . As the third class of electron hole 
transportability aromatic amine of further others, in Examples 12 and 13. Although 
N.N.N'.N'-tetra-p-tolyl 4,4'-diaminobiphenyl (ATA-7) and N.N.N'.N'-tetraphenyM,^- 
diaminobiphenyl (ATA-8) (37.5 nm) are indicated, The initial output of the former to the 
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current density is small, and **** and the latter are falling [ loss of power ] 60% 62.5%. 
[0012]doria - although the combination of reel amine (ATA-1) and tetraarylamine (ATA-7) 
is indicated by Examples 14 and 15, this also has a small initial output to the current 
density, and loss's of power is large. When it drives with high current density noting that a 
practical use level is not reached still more as a life of a light emitting device but I will obtain 
high-output (high-intensity) luminescence especially corresponding to a practical use level 
so that these results may show, the loss of power near initial motion is rapid. 
[0013]The third class of electron hole transportability aromatic amine especially chosen as 
a U.S. Pat. No. 5061569 specification or JP,5-234681 ,A is indicated in order to improve this 
rapid loss of power. Specifically, the aromatic component combined with the nitrogen atom 
of the tertiary amine including at least two tertiary-amine ingredients is a compound 
containing at least two fused aromatic rings. However, even if it uses these specific the 
third class of electron hole transportability aromatic amine, it is dramatically difficult to 
obtain luminescence stable over the long time, and it is still insufficient as a life of the light 
emitting device of a practical use level. 

[0014]Since the heat characteristic is low as for this, the third class of electron hole 
transportability aromatic amine currently concretely indicated by the above-mentioned 
specification or the above-mentioned gazette, When the thin film stability in an amorphous 
state becomes insufficient and it is used for an organic EL device by generation of heat 
resulting from the Joule heat of an element, it is thought that luminous efficiency is low, and 
a luminescence life is short, and endurance and reliability fall. 

[0015]Since a transparent electrode needs below the small thing (10-30ohm/**) of surface 
resistance, ITO glass etc. are used. However, according to observation of a scanning 
tunneling microscope (STM) and an atomic force microscope (AFM), there is unevenness 
of about 40 nm with 20 nm and EB vacuum evaporation board by a weld slag film formation 
substrate, there is surface roughness by the damage at the time of ITO patterning further, 
and it is in the environment where crystallization of an organic thin film is easy to be 
promoted. 

[0016]ln order to improve this, a policy, such as providing metal content phthalocyanine and 
non-metal phthalocyanines in the ITO surface, or carrying out the spin coat of (the above- 
mentioned U.S. Pat. No. 4720432 specification or above-mentioned JP,63-295695,A), and 
the polyallylene vinylene, has been taken. However, metal content phthalocyanine and non- 
metal phthalocyanines are micro crystallite, and an effect does not necessarily show up, 
Since polyallylene vinylene was the uneven film which ITO received the damage from acid 
at the time of conversion, or oxidation of the electrode promoted with the residual solvent 
etc., or formed membranes in the spin coat, the reliability of the element did not carry out 
improvement. 

[0017]On the other hand, the EL element which provided the mixed layer which mixed two 
or more sorts of compounds in which functions differ for the purpose of improvement in 
element performance is proposed variously these days. For example, to JP,2-250292,A. 
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The purport that the thin film or mixture thin film of a laminated structure of the organic 
compound which has electron hole transportation ability and a luminescence function for 
the purpose of improvement in luminosity and endurance, and the organic compound which 
has electron transportation ability is used for a luminous layer, Using for a luminous layer 
the mixture thin film of the organic compound which has an electron hole transportation 
function, and the fluorescence organic compound which has electron transportation ability 
is proposed by JP,2-291696,A. Providing the mixed layer which mixed the charge of an 
electric charge injecting material and the organic fluorescent substance between the 
electric charge pouring layer and the luminous layer for the purpose of improvement in 
luminous efficiency and light emitting luminance in JP,3-114197,A is proposed. Providing 
the mixed layer which includes in JP,3-190088,A the component of both the layers that 
meet between an electron hole transporting bed and/or an electron transport layer, and an 
organic luminous layer for the purpose of making easy the electron hole (hole) to a 
luminous layer and pouring of an electron is proposed. To JP,4-334894,A. The layer which 
made the compound which has a different function when it constitutes two or more organic 
compound layers live together, For example, the layer etc. with which the layer and electron 
hole transportability luminescent material containing an electron hole transportability 
luminescent material, and electron-transport-property material coexist are provided, light 
emitting luminance is made high, and raising endurance is proposed while making it 
possible to present various luminous hues. The mixed layer which consists of photogene 
and electric charge injected substances is formed between a luminous layer and an electric 
charge pouring layer, and reducing driver voltage is proposed by JP,5-182762,A. It shall 
become JP,3-289090,A from the thin film with which the organic compound of hole 
conduction nature and the organic complex of the rare earth metal were mixed in the 
luminous layer, emission-spectrum width is narrowly excellent in monochromaticity, and 
attaining improvement of conversion efficiency moreover is proposed. The thin film layer 
which consists of a mixture of an organic electric charge material and an organic 
luminescent material is provided, in JP,4-178487,A and a JP,5-78655,A gazette, the 
ingredient of an organic luminous body thin film layer prevents concentration quenching, 
and expands the range of choice of a luminescent material in them, and making it into a 
high-intensity full color element is proposed. The tilted structure layer which provided the 
concentration gradient in JP,4-357694,A of each ingredient which forms each class 
between layers is formed, and aiming at fall of driver voltage and improvement in 
endurance is proposed. 

[0018]What used rubrene for the organic compound layer is proposed. As what doped 
rubrene to the organic compound layer, In the organic EL device which has an electron 
hole transporting bed which consists of film mixture of a hydrazine derivative as an organic 
compound layer, and a luminous layer of tris(8-quinolinolato) aluminum, The thing which 
doped rubrene to the electron hole transporting bed, or the thing which doped rubrene to 
the organic whole interface side half and luminous layer of the electron hole transporting 
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bed is proposed. In what was doped to the electron hole transporting bed, that 
luminescence takes place from both tris(8-quinolinolato) aluminum and rubrene And the 
thing which luminous efficiency improves in what was doped to the half and luminous layer 
of the electron hole transporting bed, [Kanai where it is reported that the increase in the 
dark spot at the time of preservation can furthermore be controlled, Yashima, Sato, the 
collection of the 39th applied-physics relation union lecture-meeting lecture drafts, 28 p-Q-8 
(1992): Sato, Kanai, the collection of organic electronics material study group (JOEM) 
workshop 92 drafts, 31(1992)]. What doped rubrene is proposed by the electron hole 
transporting bed of the triphenyl diamine derivative (TPD), and it is reported that luminosity 
half-life improves [Fujii, Sano, Fujita, Hamada, Shibata, the collection of the 54th applied- 
physics academic lecture meeting lecture drafts, and 29 p-ZC-7 (1993)]. 
[0019]What provided the organic compound film layer which becomes JP,2-207488,A from 
the layer which makes a subject p type inorganic semiconductor thin film layer and rubrene 
is proposed. 

It is indicated that the stability of sufficient light emitting luminance and light emitting 
luminance is obtained. 

[0020] However, in which these EL elements, it cannot be satisfied in respect of 

improvement in a luminescence life. 

[0021] 

[Problem(s) to be Solved by the lnvention]The purpose of this invention has the high 
melting point and glass transition temperature in the first place, and is excellent in a heat 
characteristic, The thin film stability in an amorphous state is fully obtained over a long 
period of time, Therefore, it is providing the compound for organic EL devices which is a 
specific tetra aryl diamine derivative which can thin-film-ize by itself and has light and an 
electronic function with little a physical change, and photochemical change and 
electrochemical change, without using binder resin. 

[0022]lt is realizing a high-intensity organic EL device with a long luminescence life, and 
high endurance and reliability by using this compound for organic EL devices for the 
second. It is realizing especially the high-intensity light emitting device of leak of the power 
surge at the time of the drive of an element, or current, a partial appearance and growth of 
a nonluminescent part, and the high-reliability that suppressed early brightness lowering 
further. 
[0023] 

[Means for Solving the Problem]Such a purpose is attained by this invention of following the 
(1)-(41). 

(1) A compound for organic EL devices which is a tetra aryl diamine derivative expressed 
. with the following-ization 16. 
[0024] 

[Formula 16] 

http://ww4ipdl.mpit.gojp^ 4/1/2008 



JP,08-048656,A [DETAILED DESCRIPTION] 



Page 6 of 104 




[0025]ln the [-izing 16, R 2 , R g , and R 4 , An aryl group, an alkyl group, an alkoxy group, 

an aryloxy group, an amino group, or a halogen atom is expressed, respectively, and at 
least one in R y R 2 , R 3 , and R 4 is an aryl group. r1 , r2, r3, and r4 are the integers of 0, or 1- 

5, respectively, the sums of r1, r2, r3, and r4 are one or more integers, and at least one aryl 
group exists as R 1 - R 4> R 5 and R Q express an alkyl group, an alkoxy group, an amino 

group, or a halogen atom, respectively, and these may be the same or may differ. r5 and r6 
are the integers of 0, or 1-4, respectively. ] 

(2) A compound for organic EL devices of the above (1) which 2-4 in said R 1 - R 4 are an 

aryl group, and at least two in these aryl groups have combined with the para position or a 
meta position to a connecting position of N. 

(3) A compound for organic EL devices of the above (2) whose at least one aryl group in 
said R 1 - R 4 is a phenyl group. 

(4) One compound for organic EL devices of above-mentioned (1) - (3) expressed with the 
following-ization 17. 

[0026] 

[Formula 17] 

A3 

(RsJiS =V Jf* (Rlo)r10 

Ai A 2 

[0027]ln the [-izing 17, A^ A 2 , A 3 , and A 4 are phenyl groups combined with the para 

position or a meta position to the connecting position of N, respectively, and these may be 
the same or may differ. R 7 , R 8 , R gJ and R 1Q express an alkyl group, an alkoxy group, an 

aryl group, an aryloxy group, an amino group, or a halogen atom, respectively, and these 
may be the same or may differ. r7, r8, r9, and r10 are the integers of 0, or 1-4, respectively. 
R g and R g express an alkyl group, an alkoxy group, an amino group, or a halogen atom, 

respectively, and these may be the same or may differ. r5 and r6 are the integers of 0, or 1- 
4, respectively. ] 

(5) A compound for organic EL devices of the above (2) whose at least one aryl group in 
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said R 1 - R 4 is a naphthyl group, an anthryl group, a pyrenyl group, a peri RENIRU group, 



or the Kolone Nils group. 

(6) The above (1) expressed with the following-ization 18, (2), or (5) compounds for organic 

EL devices. 

[0028] 

[Formula 18] 



[0029]ln the [-izing 18, Ar expresses the aryl group combined with the para position or a 
meta position to the connecting position of N. Z y Z 2 , and Z 3 express an alkyl group/an 

alkoxy group, an aryl group, an aryloxy group, an amino group, or a halogen atom, 
respectively, and these may be the same or may differ. However, although at least one in 
Z v Z 2 , and Z 3 expresses the aryl group combined with the para position or a meta position 

to the connecting position of N, It does not become a phenyl group which Ar, Z y Z 2 , and Z g 

combine with the para position or a meta position to the connecting position of N 
simultaneously. s1, s2, and s3 are the integers of 0, or 1-5, respectively, and the sums of 
s1, s2, and s3 are one or more integers. R Q expresses an alkyl group, an alkoxy group, an 

aryl group, an aryloxy group, an amino group, or a halogen atom. rO is an integer of 0, or 1- 
4, respectively. R & and R g express an alkyl group, an alkoxy group, an aryl group, or a 

halogen atom, respectively, and these may be the same or may differ. r5 and r6 are the 
integers of 0, or 1-4, respectively. ] 

(7) One compound for organic EL devices of above-mentioned (1) - (4) expressed with the 
following-ization 19. 
[0030] " '. 
[Formula 19] 
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[0031]ln the [-izing 19, R y , R 8 , R g , and R 1Q express an alkyl group, an alkoxy group, an aryl 

group, an aryloxy group, an amino group, or a halogen atom, respectively, and these may 
be the same or may differ. r7, r8, r9, and r10 are the integers of 0, or 1-4, respectively. R^, 

R._, R._, and R express an alkyl group, an alkoxy group, an aryl group, an aryloxy group, 

an amino group, or a halogen atom, respectively, and these may be the same or may differ. 
r1 1 , r12, r13, and r14 are the integers of 0, or 1-5, respectively. R g and R Q express an alkyl 

group, an alkoxy group, an amino group, or a halogen atom, respectively, and these may 
be the same or may differ. r5 and r6 are the integers of 0, or 1-4, respectively. ] 

(8) A compound for organic EL devices of the above (7) said r5, r6, r7, r8, r9, r10, r1 1 , M2, 
r13, and whose r14 are 0, respectively. 

(9) One compound for organic EL devices of above-mentioned (1) - (4) expressed with the 
following-ization 20. 

[0032] 

[Formula 20] 



(Rl3)r13 (Rl4)r14 




[0033]ln the [-izing 20, R y , R 8 , R g , and R 1Q express an alkyl group, an alkoxy group, an aryl 

group, an aryloxy group, an amino group, or a halogen atom, respectively, and these may 
be the same or may differ. r7, r8, r9, and r10 are the integers of 0, or 1-4, respectively. R 1V 
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R R , and R. . express an alkyl group, an alkoxy group, an aryl group, an aryloxy group, 

an amino group, or a halogen atom, respectively, and these may be the same or may differ. 
r11, r12, r13, and r14 are the integers of 0, or 1-5, respectively. R g and R g express an alkyl 

group, an alkoxy group, an amino group, or a halogen atom, respectively, and these may 
be the same or may differ. r5 and r6 are the integers of 0, or 1-4, respectively. ] 

(10) A compound for organic EL devices of the above (9) said r5, r6, r7, r8, r9, r10, r1 1 , r12, 
r13, and whose r14 are 0, respectively. 

(11) One compound for organic EL devices of above-mentioned (1) - (4) expressed with the 
following-ization 21. 

[0034] 



[Formula 21] 

( R 13>r13 




(Rl4>M4 



[0035]ln the [-izing 21, R ? , Rg, R g , and R 1Q express an alkyl group, an alkoxy group, an aryl 

group, an aryloxy group, an amino group, or a halogen atom, respectively, and these may 
be the same or may differ. r7, r8, r9, and MO are the integers of 0, or 1-4, respectively. R ir 

R 12 , R 13 , and R 14 express an alkyl group, an alkoxy group, an aryl group, an aryloxy group, 

an amino group, or a halogen atom, respectively, and these may be the same or may differ. 
r11, r12, r13, and r14 are the integers of 0, or 1-5, respectively. R 5 and R g express an alkyl 

group, an alkoxy group, an amino group, or a halogen atom, respectively, and these may 
be the same or may differ. r5 and r6 are the integers of 0, or 1-4, respectively. ] 

(12) A compound for organic EL devices of the above (11) said r5, r6, r7, r8, r9, r10, r11, 
r12, r13, and whose r14 are 0, respectively. 

(13) One compound for organic EL devices of above-mentioned (1) - (4) expressed with the 
following-ization 22. 

[0036] 

[Formula 22] 
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( R 13)r13 




[0037]ln the [-izing 22, R 7 , R g> R gl and R 1Q express an alky! group, an alkoxy group, an aryl 

group, an aryloxy group, an amino group, or a halogen atom, respectively, and these may 
be the same or may differ. r7, r8, r9, and r10 are the integers of 0, or 1-4, respectively. R^, 

R 12 , R 13> and R express an alkyl group, an alkoxy group, an aryl group, an aryloxy group, 

an amino group, or a halogen atom, respectively, and these may be the same or may differ. 
r1 1, r12, r13, and r14 are the integers of 0, or 1-5, respectively. R g and R g express an alkyl 

group, an alkoxy group, an amino group, or a halogen atom, respectively, and these may 
be the same or may differ. r5 and r6 are the integers of 0, or 1-4, respectively. ] 

(14) A compound for organic EL devices of the above (13) said r5, r6, r7, r8, r9, MO, M1, 
r12, M3, and whose r14 are 0, respectively. 

(15) One compound for organic EL devices of above-mentioned (1) - (4) expressed with the 
following-ization 23. 

[0038] 

[Formula 23] 




[0039]ln the [-izing 23, R_, R OJ R ft , and R 4 „ express an alkyl group, an alkoxy group, an aryl 

( o y iu 

group, an aryloxy group, an amino group, or a halogen atom, respectively, and these may 
be the same or may differ. r7, r8, r9, and r10 are the integers of 0, or 1-4, respectively. R ir 

R 12 , R 13 , and R express an alkyl group, an alkoxy group, an aryl group, an aryloxy group, 
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an amino group, or a halogen atom, respectively, and these may be the same or may differ. 
r1 1 , r12, r13, and r14 are the integers of 0, or 1-5, respectively. R g and R g express an alkyl 

group, an alkoxy group, an amino group, or a halogen atom, respectively, and these may 
be the same or may differ. r5 and r6 are the integers of 0, or 1-4, respectively. ] 

(16) A compound for organic EL devices of the above (15) said r5, r6, r7, r8, r9, r10, r1 1, 
r12, r13, and whose r14 are 0, respectively. 

(17) One compound for organic EL devices of above-mentioned (1) - (4) expressed with the 
following-ization 24. 

[0040] 

[Formula 24] 




[0041]ln the [-izing 24, R ?J R g , R gl and R 1Q express an alkyl group, an alkoxy group, an aryl 

group, an aryloxy group, an amino group, or a halogen atom, respectively, and these may 
be the same or may differ. r7, r8, r9, and r10 are the integers of 0, or 1-4, respectively. R^, 

R 12> R 13 , and R express an alkyl group, an alkoxy group, an aryl group, an aryloxy group, 

an amino group, or a halogen atom, respectively, and these may be the same or may differ. 
r1 1 , r12, r13, and r14 are the integers of 0, or 1-5, respectively. R 5 and R g express an alkyl 

group, an alkoxy group, an amino group, or a halogen atom, respectively, and these may 
be the same or may differ. r5 and r6 are the integers of 0, or 1-4, respectively. ] 

(18) A compound for organic EL devices of the above (17) said r5, r6, r7, r8, r9, r10, r1 1 , 
r12, r13, and whose r14 are 0, respectively. 

(19) The above (1) expressed with the following-ization 25, (2), (5), or (6) compounds for 
organic EL devices. 

[0042] 

[Formula 25] 
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[0043]ln the [-izing 25, A^ and Ar 2 express an aryl group, respectively, and these may be 

the same or may differ. R 15 and R 16 express an alkyl group, an alkoxy group, an aryl 

group, an aryloxy group, an amino group, or a halogen atom, respectively, and these may 
be the same or may differ. r15 and r16 are the integers of 0, or 1-4, respectively. R 17 and 

R 18 express an alkyl group, an alkoxy group, an aryloxy group, an amino group, or a 

halogen atom, respectively, and these may be the same or may differ. r17 and r18 are the 
integers of 0, or 1-5, respectively. R 5 and R g express an alkyl group, an alkoxy group, an 

amino group, or a halogen atom, respectively, and these may be the same or may differ. r5 
and r6 are the integers of 0, or 1-4, respectively. ] 

(20) A compound for organic EL devices of the above (19) said r5, r6, M5, r16, r17, and 
whose r18 are 0, respectively. 

(21) The above (1) expressed with the following-ization 26, (2), (5), or (6) compounds for 
organic EL devices. 

[0044] 

[Formula 26] 




Ar 1 



[0045]ln the [-izing 26, Ar 1 and Ar 3 express an aryl group, respectively, and these may be 

the same or may differ. R 15 and R 2Q express an alkyl group, an alkoxy group, an aryl 

group, an aryloxy group, an amino group, or a halogen atom, respectively, and these may 
be the same or may differ. r15 and r20 are the integers of 0, or 1-4, respectively. R 15 and 

R 20 express an alkyl group, an alkoxy group, an aryloxy group, an amino group, or a 

halogen atom, respectively, and these may be the same or may differ. r18 and r19 are the 
integers of 0, or 1-5, respectively. R g and R g express an alkyl group, an alkoxy group, an 

amino group, or a halogen atom, respectively, and these may be the same or may differ. r5 
and r6 are the integers of 0, or 1-4, respectively. ] 
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(22) A compound for organic EL devices of the above (21) said r5, r6, r15, r18, r19, and 
whose r20 are 0, respectively. 

(23) The above (1) expressed with the following-ization 27, (2), (5), or (6) compounds for 
organic EL devices. 

[0046] 

[Formula 27] 

Ar 3 

Ar/ 

[0047]ln the [-izing 27, Ar r Ar 2 , and Ar 3 express an aryl group, respectively, and these may 

be the same or may differ. R 15 , R 16> and R 2Q express an alkyl group, an alkoxy group, an 

aryl group, an aryloxy group, an amino group, or a halogen atom, respectively, and these 
may be the same or may differ. r15, r16, and r20 are the integers of 0, or 1-4, respectively. 
R 18 expresses an alkyl group, an alkoxy group, an aryloxy group, an amino group, or a 

halogen atom. r18 is an integer of 0, or 1-5. R & and R g express an alkyl group, an alkoxy 

group, an amino group, or a halogen atom, respectively, and these may be the same or 
may differ. r5 and r6 are the integers of 0, or 1-4, respectively. ] 

(24) A compound for organic EL devices of the above (23) said r5, r6, r15, r16, r18, and 
whose r20 are 0, respectively. 

(25) The above (1) expressed with the following-ization 28, (2), (5), or (6) compounds for 
organic EL devices. 

[0048] 

[Formula 28] 

(Ri ?)n 7 v/=\ // — ^ ( R i 8)n « 



VJ 




[0049]ln the [-izing 28, Ar 4 and Ar 5 express an aryl group, respectively, and these may be 
the same or may differ. R 1g and R 16 express an alkyl group, an alkoxy group, an aryl 
group, an aryloxy group, an amino group, or a halogen atom, respectively, and these may 
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be the same or may differ. r15 and r16 are the integers of 0, or 1-4, respectively. R 17 and 

R 1Q express an alkyl group, an ajkoxy group, an aryloxy group, an amino group, or a 

halogen atom, respectively, and these may be the same or may differ. r17 and r18 are the 
integers of 0, or 1-5, respectively. R g and R g express an alkyl group, an alkoxy group, an 

amino group, or a halogen atom, respectively, and these may be the same or may differ. r5 
and r6 are the integers of 0, or 1-4, respectively. ] 

(26) A compound for organic EL devices of the above (25) said r5, r6, r15, r16, r17, and 
whose r18 are 0, respectively. 

(27) The above (1) expressed with the following-ization 29, (2), (5), or (6) compounds for 
organic EL devices. 

[0050] 

[Formula 29] 




[0051 ]ln the [-izing 29, Ar 4 and Ar g express an aryl group, respectively, and these may be 

the same or may differ. R^ 5 and R 2Q express an alkyl group, an alkoxy group, an aryl 

group, an aryloxy group, an amino group, or a halogen atom, respectively, and these may 
be the same or may differ. r15 and r20 are the integers of 0, or 1-4, respectively. R 18 and 

R 1g express an alkyl group, an alkoxy group, an aryloxy group, an amino group, or a 

halogen atom, respectively, and these may be the same or may differ. r18 and r19 are the 
integers of 0, or 1-5, respectively. R g and R g express an alkyl group, an alkoxy group, an 

amino group, or a halogen atom, respectively, and these may be the same or may differ. r5 
and r6 are the integers of 0, or 1-4, respectively. ] 

(28) A compound for organic EL devices of the above (27) said r5, r6, r15, r18, r19, and 
whose r20 are 0, respectively. 

(29) The above (1) expressed with the following-ization 30, (2), (5), or (6) compounds for 
organic EL devices. 

[0052] 

[Formula 30] 
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[0053]ln the [-izing 30, Ar 4 , Ar 5 , and Ar g express an aryl group, respectively, and these may 

be the same or may differ. R 1g , R 1g , and R 2Q express an alkyl group, an alkoxy group, an 

aryl group, an aryloxy group, an amino group, or a halogen atom, respectively, and these 
may be the same or may differ. r15, r16, and r20 are the integers of 0, or 1-4, respectively. 
R 1Q expresses an alkyl group, an alkoxy group, an aryloxy group, an amino group, or a 

halogen atom. r18 is an integer of 0, or 1-5. R 5 and R g express an alkyl group, an alkoxy 

group, an amino group, or a halogen atom, respectively, and these may be the same or 
may differ. r5 and r6 are the integers of 0, or 1-4, respectively. ] 

(30) A compound for organic EL devices of the above (29) said r5, r6, r15, r16, r18, and 
whose r20 are 0, respectively. 

(31) The above (1) Organic EL device which has at least one layer of layers containing at 
least one or more sorts of one compound for organic EL devices of - (30). 

(32) An organic EL device of the above (31) which has at least one layer of layers 
containing at least one or more sorts of mixtures of a compound which has at least one or 
more sorts and an electron injection transportation function of said compound for organic 
EL devices. 

(33) An organic EL device of the above (32) whose compound which has said electron 
transportation function is tris(8-quinolinolato) aluminum. 

(34) The above (32) whose layer containing said mixture is a luminous layer, or (33) 
organic EL devices. 

(35) One organic EL device of above-mentioned (31) - (34) which dopes a fluorescence 
substance to at least one layer of layers containing at least one or more sorts of said 
compound for organic EL devices. 

(36) An organic EL device of the above (35) in which said fluorescence substance is 
rubrene. 

(37) One organic EL device of above-mentioned (31) - (36) which a layer containing at least 
one or more sorts of said compound for organic EL devices is a hole-injection transporting 
bed, and has this hole-injection transporting bed and luminous layer. 

(38) An organic EL device of the above (37) constituted above two-layer [ from which a 
presentation of said hole-injection transporting bed differs ]. 

(39) An organic EL device of the above (38) with which at least one layer of said hole- 
injection transporting bed contains a polythiophene. 
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(40) One organic EL device of above-mentioned (37) - (39) which has an electron injection 
transporting bed. 

(41) A layer containing at least one or more sorts of said compound for organic EL devices 
is a layer which has a hole-injection transportation function, A layer which has a layer or an 
electron injection transportation function to have a luminescence function in contact with 
this layer is provided, An organic EL device of the above (31) whose difference of the 
ionization potential Ip with a layer which has a layer which has said hole-injection 
transportation function, a layer which has said luminescence function, or an electron 
injection transportation function is 0.25 eV or more, (35), or (36). 

[0054] 

[Function]The tetra aryl diamine derivative expressed with ** 16 which is a compound for 

organic EL devices of this invention has the melting point and a high glass transition 

temperature, the thin film formed by the vacuum evaporation is transparent, and beyond a 

room temperature forms a stable amorphous state, and it shows smooth and good 

membraneous quality over a long period of time. 

[0055]Therefore, it can thin-film-ize by itself, without using binder resin. 

[0056]lt is thought that this effect originates in the following things. 

[0057]** The molecular weight was increased and it was made the high-melting point. 

** Introduce a bulky substituent like a phenyl group with steric exclusion, and optimize the 

lap between molecules. 

** There needs to be many conformation which a molecule can take and the rearrangement 
of the molecule should be barred. 

[0058]pi conjugated system spreads by introducing a phenyl group into R - R 4 , and 

making it a biphenyl group into a molecule, including hole-injection transportation units, 
such as N-phenyl group, mostly, and it becomes advantageous to career movement, and 
excels also in hole-injection transportation ability dramatically. 

[0059]Therefore, by using as the compound for organic EL devices the tetra aryl diamine 
derivative expressed with ** 16, preferably, uniform uniform surface light is possible for the 
organic EL device of this invention, and in order to use for a hole-injection transporting bed, 
it is especially obtained by the organic compound layer by high-intensity [ its ] being stable 

over a long time in it. Although it changes also with wavelength, a 100 - 100000 cd/m 2 
grade or high-intensity [ beyond it ] are obtained by being stabilized. The luminescence 
maximum wavelength of the organic EL device of this invention is about 350-700 nm. 
[0060]Heat resistance and endurance are high and the drive in which element current 

density was stabilized beyond as for the 1 A/cm 2 grade is possible. 
[0061]Since energy level becomes the optimal by using the compound for organic EL 
devices of this invention for an organic compound layer and a career is effectively blocked 
in an interface, recombination and luminescence of the stable career take place. By using 
the compound for organic EL devices of this invention for a hole-injection transporting bed 
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especially, The layer which has a luminescence function which touches this hole-injection 
transporting bed (a luminous layer contains luminescence and the electron injection 
transporting bed which serves as an electron injection transporting bed.), Or the difference 
of the ionization potential Ip with the electron injection transporting bed which touches this 
layer when a hole-injection transporting bed is a layer which has a hole-injection 
transportation function which serves as a luminous layer is optimized, Since the career 
blocking effect in an interface increases and pouring of an inferior in strength or unstable 
career becomes more difficult to take place very sexually, the organic compound of each 
class becomes difficult to receive a damage, and it is a career recombination area and a 
luminous region, and becomes difficult to produce the inactivation point of a career or an 
exciton. As a result, stable luminescence is obtained and a life improves substantially. 
[0062]Since the hopping conduction path of a career will be made into a mixed layer by 
providing especially the organic compound layer that mixed the compound for organic EL 
devices of this invention, and the compound which has an electron injection transportation 
function as a luminous layer, Each career poured into the mixed layer moves in the inside 
of a very sexual more superior substance. That is, an electron hole will move in the inside 
of a hole-injection transportability substance, and an electron will move in the inside of an 
electron injection transportability substance, since it becomes difficult to happen, an organic 
compound becomes difficult to receive a damage, and the life of reverse polar career 
pouring of an EL element improves substantially. 

[0063]ln the composition which dopes a fluorescence substance to the organic compound 
layer containing the compound for organic EL devices of this invention. By using the 
compound for organic EL devices of this invention for a hole-injection transporting bed, 
When it is a layer which has a hole-injection transportation function in which the layer (a 
luminous layer contains luminescence and the electron injection transporting bed which 
serves as an electron injection transporting bed.) or hole-injection transporting bed which 
has a luminescence function which touches this hole-injection transporting bed serves as a 
luminous layer. Since the difference of the ionization potential Ip with the electron injection 
transporting bed which is alike and touches this layer is optimized, the career blocking 
effect in an interface increases and pouring of an inferior in strength or unstable career 
becomes difficult to take place very sexually, The organic compound of each class 
becomes difficult to receive a damage, and it becomes difficult to produce the inactivation 
point of a career or an exciton in a career recombination area or a luminous region, the 
case where rubrene is doped especially as a fluorescence substance — rubrene - by — it 
has bowler transportability, and since career recombination happens, rubrene of the 
damage which an organic compound receives in the part pan also decreases. Since 
rubrene exists near the career recombination area, luminescence which the energy transfer 
from an exciton to rubrene happened, and the non-emanating-like inactivation decreased, 
and was stabilized as a result is obtained, and a life improves substantially. 
[0064] 

http://www4.ipdl.inpit.go jp/cgi-biii/txan_web^^ 4/1/2008 



JP,08-048656,A [DETAILED DESCRIPTION] 



Page 18 of 104 



[Elements of the lnvention]Hereafter, concrete composition of this invention is explained in 
detail. 

[0065]A compound for organic EL devices of this invention (it is also called "a compound of 
this invention".) is a tetra aryl diamine derivative (it is also called "a compound of ** 16".) 
expressed with ** 16. 

[0066]When ** 16 is explained, in ** 16, ^ - R 4 express an aryl group, an alkyl group, an 

alkoxy group, an aryloxy group, an amino group, or a halogen atom, respectively, and at 
least one in R 1 - R 4 is an aryl group. r1-r4 are the integers of 0, or 1-5, respectively. 

r1-r4 are not simultaneously set to 0. 

Therefore, M+r2+r3+r4 are one or more integers, and they are a number which fulfills 
conditions in which at least one aryl group exists. R and R express an alkyl group, an 

O D 

alkoxy group, an amino group, or a halogen atom, respectively, and these may be the same 
or may differ. r5 and r6 are the integers of 0, or 1-4, respectively. 

[0067]As an aryl group expressed with R 1 - R 4 , it may be a thing of a monocycle or many 

rings, and a condensed ring and a ring set are also included. Thing of a total carbon 
number of 6-20 may be preferred, and it may have a substituent. As a substituent in this 
case, an alkyl group, an alkoxy group, an aryl group, an aryloxy group, an amino group, a 
halogen atom, etc. are mentioned. 

[0068]As an example of an aryl group expressed with R <j - R 4 , A phenyl group, a tolyl group 

(o-, m-, p-), a pyrenyl group, a peri RENIRU group, The Kolone Nils group, a naphthyl 
group, an anthryl group, a biphenylyl group, a phenyl anthryl group, A tolyl anthryl group 
etc. are mentioned, especially a phenyl group is preferred, and, as for a connecting position 
of an aryl group, especially a phenyl group, it is preferred that it is the 3rd place (it is a meta 
position to a connecting position of N) or the 4th place (it is the para position to a 
connecting position of N). 

[0069]As an alkyl group expressed with R 1 - R 4 , also by straight chain shape, it may have 

branching, and a thing of the carbon numbers 1-10 may be preferred, and may have a 
substituent. The thing same as a substituent in this case as an aryl group is mentioned. 
[0070]As an alkyl group expressed with R 1 - R 4 , a methyl group, an ethyl group, a propyl 

group (n-, i-), a butyl group (n-, i-, s-, t-), etc. are mentioned. 

[0071]As an alkoxy group expressed with R - R 4 , a thing of the carbon numbers 1-6 of an 

alkyl part is preferred, and a methoxy group, an ethoxy basis, t-butoxy group, etc. are 

specifically mentioned. An alkoxy group may be replaced further. 

[0072]As an aryloxy group expressed with R 1 - R 4> a phenoxy group, 4-methylphenoxy 

group, 4-(t-butyl) phenoxy group, etc. are mentioned. 

[0073]As an amino group expressed with R 1 - R 4 , Although it has a substituent also in no 
replacing, what has a substituent is preferred, Specifically A dimethylamino group, a 
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diethylamino group, a diphenylamino group, A ditolylamino group, a JIBIFENIRIRU amino 
group, an N-phenyl-N-tolylamino group, An N-phenyl-N-naphthyl amino group, an N- 
phenyl-N-biphenylylamino group, an N-phenyl-N-anthrylamino group, an N-phenyl-N- 
pyrenyl amino group, a dinaphthylamino group, an dianthrylamino group, a JIPIRE nil 
amino group, etc. are mentioned. 

[0074JA chlorine atom, a bromine atom, etc. are mentioned as a halogen atom expressed 
with R, - R.. 

14 

[0075]Although at least one in R 1 - R 4 is an aryl group, it is preferred that 2-4 aryl groups 

exist in one molecule as R 1 - R 4 especially, and it is preferred that 2-4 in r1-r4 are one or 

more integers. It exists with 2-4 totals in a molecule, and 2-4 in r1-r4 are 1 more preferably, 
r1-r4 are 1 further, and, as for especially an aryl group, it is preferred that all the R -j 

contained - R 4 are aryl groups. Namely, 2-4 aryl groups exist in the four benzene rings 

which R 1 in a molecule - R 4 may replace with the total, Even when the benzene ring which 

2-4 aryl groups combine is the same of the four benzene rings, it differs, but it is preferred 
that 2-4 aryl groups combine with the benzene ring different, respectively especially. And it 
is more preferred that at least two pieces have combined with the para position or a meta 
position to a connecting position of N further. It is preferred that at least one piece is a 
phenyl group as an aryl group in this case, namely, it is preferred that an aryl group and the 
benzene ring become together and form 4- or 3-biphenylyl group to N atom. It is especially 
preferred that 2-4 pieces are 4- or 3-biphenylyl group. As for 4- or 3-biphenylyl group, one 
side both may be intermingled. As aryl groups other than a phenyl group, A naphthyl group, 
an anthryl group (1-, 2-, 9-), a pyrenyl group, a peri RENIRU group, the Kolone Nils group, 
etc. are especially (1-, 2-) preferred, and it is preferred to also combine aryl groups other 
than a phenyl group with the para position or a meta position especially to a connecting 
position of N. These aryl groups may also be intermingled with a phenyl group. 
[0076]ln ** 16, an alkyl group and an alkoxy group which are expressed with R g and R 6 , an 

amino group, a thing which R 1 - R 4 mentioned by the way as a halogen atom, and same 

thing are mentioned. 

[0077]As for both r5 and r6, it is preferred that it is 0, and a biphenylene group which 
connects two arylamino groups has a preferred unreplaced thing. 

[0078]When r1-r4 are two or more integers, R each - R 4 may be respectively the same, or 
they may differ from each other. When r5 and r6 are two or more integers, R g and R g may 
be the same or they may differ from each other. 

[0079]Also in a compound of** 16, a compound expressed with ** 17 or ** 18 is preferred. 
When ** 17 is explained first, in ** 17, A 1 - A 4 express a phenyl group combined with the 

para position (the 4th place) or a meta position (the 3rd place) to a connecting position of N, 
respectively, and these may be the same or may differ. These phenyl groups may have a 
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substituent further and can mention the same thing as a substituent which an aryl group 
expressed with R 1 - R 4 as a substituent in this case mentioned by the way. R ? - R 1Q 

express an alkyl group, an alkoxy group, an aryl group, an aryloxy group, an amino group, 
or a halogen atom, respectively, and these may be the same or may differ. What R 1 of ** 16 

- R 4 mentioned by the way as these examples, and same thing can be mentioned. 

[0080]r7-r10 are the integers of 0, or 1-4, respectively, and, as for r7-r10, it is preferred that 
it is 0. 

[0081 ]ln ** 17, R gl R 6 , r5, and r6 are synonymous with a thing of ** 16, and it is preferred 
that it is r5=r6=0. 

[0082]ln ** 17, when r7-r10 are two or more integers respectively, R y each - R 1Q may be 
the same, or they may differ from each other. 

[0083]Next, when ** 18 is explained, in ** 18, Ar expresses an aryl group combined with the 
para position or a meta position of a connecting position of N. What an aryl group 
expressed with R 1 of ** 16 - R 4 illustrated by the way as an aryl group, and same thing can 

be mentioned, and especially a phenyl group is preferred. In this case, an aryl group may 
be replaced further and can mention what R 1 - R 4 illustrated by the way as such a 

substituent. As a substituent, an amino group is preferred. However, an amino group may 
be cyclized depending on the case and may be a heterocycle group. It can choose from 
amino groups specifically expressed with R 1 - R 4 . Z y Z 2 , and Z 3 express an alkyl group, an 

alkoxy group, an aryl group, an aryloxy group, an amino group, or a halogen atom, 
respectively, and these may be the same or may differ. What R 1 of ** 16 - R 4 mentioned by 

the way as these examples, and same thing can be mentioned. However, although at least 
one in Z y Z 2> and Z 3 expresses an aryl group combined with the para position or a meta 

position of a connecting position of N, It is preferred that do not become a phenyl group 
which all Ar(s), the Z 1 - Z 3 combine with the para position or a meta position to a 

connecting position of N simultaneously, and 2-3 of the four benzene rings have one aryl 
group in the para position or a meta position, respectively. Therefore, it is preferred that it is 
one piece or such [ two pieces ] an aryl group of Z 1 - the Z 2 . As an aryl group, although a 

naphthyl group (1-, 2-), an anthryl group (1-, 2-, 9-), a pyrenyl group, a peri RENIRU group, 

the Kolone Nils group, etc. are preferred, a phenyl group is the most preferred. 

[0084]The above-mentioned aryl group expressed with Z 1 - Z 3 may have a substituent, and 

can mention what R 1 - R 4 illustrated by the way as a substituent. Especially as a 

substituent, an amino group is preferred. Specifically, it can choose from an amino group 
expressed with R 1 - R 4 . Although s1-s3 are the integers of 0, or 1-5, respectively, these are 

not simultaneously set to 0 and the sum is one or more integers. As for s1-s3, it is preferred 
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that it is 0 or 1 , respectively, and 1 of s1-s3 or two pieces are 1 further. 

Combination of as [ whose remainder is 0 ] is preferred, and, as for Z 1 contained in this 

case when s1-s3 are 1 - Z g , it is preferred that they are an aryl group combined with the 

para position or a meta position to a connecting position of N, especially a phenyl group. 

[0085]ln ** 18, when s1-s3 are two or more integers, Z each - Z 3 may be respectively the 
same, or they may differ from each other. R Q of ** 18 and rO are homonymy respectively 
with R 7 of ** 17, and r7, R g of ** 18, R 6 , r5, and r6 are homonymy respectively, and a 
desirable thing of them is the same as that of a thing of ** 17. 

[0086]Also in a compound of ** 17, a compound expressed with ** 19 - the-izing 24 is 
preferred. In each of ** 19 - the-izing 24, R^ - R 14 express an alkyl group, an alkoxy group, 

an aryl group, an aryloxy group, an amino group, or a halogen atom, respectively, and 
these may be the same or may differ. What R 1 - R 4 mentioned by the way as these 

examples, and same thing can be mentioned. 

[0087]r1 1-r14 are the integers of 0, or 1-5, respectively, and, as for r1 1-r14, it is preferred 
also in any of ** 19 - the-izing 24 that it is 0. 

[0088] When r1 1-r14 are two or more integers respectively, R ^ each - R 14 may be the 
same, or they may differ from each other. 

[0089]in each of ** 19 - the-izing 24 - R 5 - R 1Q , and r5-M0 — each - it is synonymous with 
a thing of the-izing 17, and a desirable thing is also the same. 

[0090]A compound expressed with ** 25 - the-izing 30 also in a compound of ** 18 on the 
other hand is preferred. Ar 1 shown in each of ** 25 - the-izing 30 - Ar g express an aryl 

group, respectively, Ar 1 of ** 25, Ar 2 and A^ of ** 26, and Ar 3> Ar 1 of ** 27, Ar 2 , Ar g and Ar 4 

of ** 28, Ar c and Ar A of ** 29, Ar e and Ar, of ** 30, Ar c , and Ar c may be the same 

O 4 O 4 O D 

respectively, or it may differ. As an example of an aryl group, a thing of a place of R 1 of ** 

16 - R 4 and same thing can be mentioned, and especially a phenyl group is preferred. 

[0091]R 2Q of R 16 of R 15 of ** 25 - the-izing 30, ** 25, ** 27, ** 28, and ** 30, ** 26, ** 27, ** 

29, and ** 30, Respectively An alkyl group, an alkoxy group, an aryl group, an aryloxy 
group, An amino group or a halogen atom is expressed, and R 15 of ** 25 and ** 28, R 15 of 

R 16 , ** 26, and ** 29, R 15 of R 2Q , ** 27, and ** 30, R 16 , and R 2Q may be the same 

respectively, or it may differ. What R 1 of ** 16 - R 4 mentioned by the way as these 

examples, and same thing can be mentioned. 

[0092]As for r15, r16, and r20, although ** 25 - the-izingr15 of 30, ** 25, ** 27, ** 28, 30 
**r16, ** 26, ** 27, ** 29, and 30 **r20 are the integers of 0, or 1-4, it is preferred that it is 0. 
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[0093]R 1Q of R of ** 25 and ** 28, R 18 of ** 25 - the-izing 30, ** 26, and ** 29, An alkyl 

group, an alkoxy group, an aryloxy group, an amino group, or a halogen atom is expressed, 
respectively, and R 1? of ** 25 and ** 28, R 18 of R 1g , ** 26, and ** 29, and R 1Q may be the 

same respectively, or it may differ. What R 1 of ** 16 - R 4 mentioned by the way as these 

examples, and same thing can be mentioned. 

[0094]As for M7, M8, and r19, although ** 25, 28 **r17, ** 25 - the-izingr18 of 30, ** 26, and 
29 **r19 are the integers of 0, or 1-5, it is preferred that it is 0. 

[0095]When r15, r16, and r20 are two or more integers in ** 25 - the-izing 30, R 15 , R 16> and 
R 20 may be respectively the same, or it may differ, and when r17, r18, and r19 are two or 
more integers, R 17 , R 18 , and R 1Q may be respectively the same, or they may differ from 
each other. 

[0096]ln each of ** 25 - the-izing 30, R , R , r5, and r6 are synonymous with a thing of ** 

o o 

16, and it is preferred that it is r5=r6=0. 

[0097]Although an example of a compound of** 16 is shown below, this invention is not 
limited to this. ** 31 , ** 37, ** 42, ** 47, ** 53, ** 58, ** 64, ** 70, ** 78, ** 84, ** 90, and ** 95 

are general formulas, Combination, such as R 1 , shows an example to ** 32-36, ** 38-41, ** 
43-46, ** 48-52, ** 54-57, ** 59-63, ** 65-69, ** 71-77, ** 79-83, ** 85-89, ** 91-94, and ** 
96-100. In this display, when H shows altogether at the time of H and a substituent exists 
except for A^ - Ar 6 , only a substituent shall be shown and it means that other things are H, 

[0098] 

[Formula 31] 




[0099] 

[Formula 32] 
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[0100] 

[Formula 33] 
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[Formula 34] 
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[Formula 35] 
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[0169] 

[Formula 102] 




[0170]The compound of this invention Jean Piccard, Herr. Chim. Acta., 7, and 789 (1924), 
In accordance with the method of a statement, it can apply correspondingly and compound 
to JeanPiccard, J. Am. Chem. Soc, 48, 2878 (1926), etc. According to the compound made 
into the purpose, it is the combination of a Jl (biphenyl) amine compound, a diiodo biphenyl 
compound or a N,N'-diphenyl benzine compound, an iodo biphenyl compound, etc., and, 
specifically, is obtained by heating under existence of copper (Ullmann reaction). 
[0171]The compound of this invention can be identified with mass analysis, an infrared 

absorption spectrum (IR), a H nuclear magnetic resonance spectrum (NMR), etc. 
[0172]The compound of these this inventions has about 640 to 2000 molecular weight, It 
has a high-melting point of 190-300 **, and the high glass transition temperature of 80-200 
** is shown, with the usual vacuum deposition etc., it is transparent, beyond a room 
temperature forms a stable amorphous state, it is obtained as a smooth and good film, and, 
moreover, it is maintained over a long period of time. The melting point is not shown but 
some compounds of this invention present an amorphous state also in an elevated 
temperature. Therefore, it can thin-film-ize by itself, without using binder resin. 
[0173]The compound of this invention may use two or more sorts together, using only one 
sort. 

[0174]The organic EL device of this invention has an organic compound layer of at least 
one layer, and the organic compound layer of at least one layer contains the compound for 
organic EL devices of this invention. The example of composition of the organic EL device 
of this invention is shown in drawing 1 . The organic EL device 1 shown in the figure has the 
anode 3, the hole-injection transporting bed 4, the luminous layer 5, the electron injection 
transporting bed 6, and the negative pole 7 one by one on the substrate 2. 
[0175]A luminous layer has an electron hole (hole) and electronic pouring functions, those 
transportation functions, and the function to make the recombination of an electron hole 
and an electron generate an exciton. It is preferred to use a neutral compound for a 
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luminous layer comparatively electronically. A hole-injection transporting bed has a function 
which bars the function which makes pouring of the electron hole from the anode easy, the 
function to convey an electron hole, and an electron, and an electron injection transporting 
bed has a function which bars the function which makes pouring of the electron from the 
negative pole easy, the function to convey an electron, and an electron hole. 
These layers increase - Make the electron hole and electron which are poured in to a 
luminous layer shut up, make a recombination area optimize, and improve luminous 
efficiency. 

A hole-injection transporting bed and an electron injection transporting bed are provided if 
needed in consideration of the high level of each function of the hole injection of the 
compound used for a luminous layer, electron hole transportation, electron injection, and 
electron transportation. For example, when the hole-injection transportation function or 
electron injection transportation function of the compound used for a luminous layer is high, 
a luminous layer can have composition which serves both as a hole-injection transporting 
bed or an electron injection transporting bed, without providing a hole-injection transporting 
bed or an electron injection transporting bed. It is necessary to provide neither a hole- 
injection transporting bed nor an electron injection transporting bed depending on the case. 
A hole-injection transporting bed and an electron injection transporting bed may be 
separately provided in a layer with a pouring function, and a layer with a transportation 
function in each. 

[0176]Especially although the thickness of a luminous layer, the thickness of a hole- 
injection transporting bed, and the thickness in particular of an electron injection 
transporting bed are not limited but it changes also with formation methods, it is usually 
preferred to be referred to as 10-200 nm about 5-1000 nm. 

[0177]What is necessary is just to make them into comparable as the thickness of a 
luminous layer or 1 / about 10 to 10 times, although the thickness of a hole-injection 
transporting bed and the thickness of an electron injection transporting bed are based on 
the design of a recombination-radiation field. As for a pouring layer, when dividing the 
pouring layer and transporting bed of an electron or an electron hole, it is preferred that 1 
nm or more and a transporting bed set to not less than 20 nm. The maximum of the 
thickness of the pouring layer at this time and a transporting bed is [ in a pouring layer ] 
usually about 1000 nm at about 100 nm and a transporting bed. It is also the same as when 
providing two layers of pouring transporting beds about such thickness. 
[0178]By what thickness is controlled for taking into consideration the carrier mobility and 
carrier density (decided by ionization potential and electron affinity) of the luminous layer 
and electron injection transporting bed to combine, or a hole-injection transporting bed. It is 
possible to design a recombination area and a luminous region freely, and design of the 
luminescent color, control of the light emitting luminance and the emission spectrum by the 
cross protection of two electrodes, and control of the spatial distribution of luminescence 
are enabled. 
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[0179]Although it is applicable to both a luminous layer and a hole-injection transporting 
bed, since the compound of this invention has good hole-injection transportability, using for 
a hole-injection transporting bed is preferred. 

[0180]The case where the compound of this invention is used for a hole-injection 
transporting bed is explained. What is necessary is to vapor-deposit the compound of this 
invention, or to make it distribute in a resin binder, to coat a hole-injection transporting bed, 
and just to form it. If it vapor-deposits especially, good amorphous films will be obtained. 
[0181]The various organic compounds indicated to the various organic compounds used for 
the usual organic EL device, for example, JP,63-295695,A, JP,2-191694,A, JP,3-792,A, 
etc. can be used together to a hole-injection transporting bed. For example, other the third 
class of aromatic amine other than the compound of this invention, a hydrazone derivative, 
a carbazole derivative, a triazole derivative, an imidazole derivative, the oxadiazole 
derivative that has an amino group, a polythiophene, etc. may be laminated with the 
compound of this invention, or it may mix. 

[0182]When dividing a hole-injection transporting bed into a hole injection layer and an 
electron hole transporting bed and ****(ing) it, desirable combination can be chosen and 
used out of the compound for hole-injection transporting beds. At this time, it is preferred to 
laminate in order of the layer of the small compound of ionization potential from the anode 
sides (ITO etc.). It is preferred to use a filmy good compound for the anode surface. About 
such laminating order, it is also the same as when providing a hole-injection transporting 
bed more than two-layer. By considering it as such laminating order, driver voltage can fall 
and generating of current leakage, and generating and growth of a dark spot can be 
prevented. Since vacuum evaporation is used and an about 1-10-nm thin film can also be 
made pinhole[ homogeneity and ]-free, when element-izing, Even if ionization potential is 
small to a hole injection layer and it uses a compound which has absorption in a visible 
portion, decline in the efficiency by the tone change and resorption of the luminescent color 
can be prevented. 

[0183]As an organic compound which uses the compound of this invention together to the 
hole-injection transporting bed used as the main ingredients, A polythiophene is preferred, 
and after vapor-depositing a polythiophene on the anode as a filmy good hole injection 
layer or the first hole-injection transporting bed, it is still more preferred from a point of 
ionization potential to laminate the compound of this invention as an electron hole 
transporting bed or the second hole-injection transporting bed. 
[0184]Using for this invention as a desirable polythiophene, The polymer which has a 
structural unit shown by ** 103 (henceforth "the polymer A"), What is chosen from the 
polymer (the following, the "polymer C") shown by the copolymer (henceforth "the 
copolymer B") and ** 105 which have a structural unit shown by ** 103 and a structural unit 
shown by ** 104 is mentioned. 
[0185] 

[Formula 103] 

http://www4.ipd^ 4/1/2008 



JP,08-048656,A [DETAILED DESCRIPTION] 



Page 84 of 104 




[0186] 

[Formula 104] 




[0187] 

[Formula 105] 




[0188]First, the polymer A is explained. The polymer A has a structural unit of ** 1 03, for 

example, is shown by ** 106. 

[0189] 

[Formula 106] 

\ S *32/ m 

[01 90] When it describes about ** 103 and ** 106, R 31 and R 32 express a hydrogen atom, 

an aromatic hydrocarbon group, or an aliphatic hydrocarbon group, respectively, and these 
may be the same or may differ. 

[0191]As an aromatic hydrocarbon group expressed with R 31 and R 32 , it could replace, or 

may have a substituent, and the thing of the carbon numbers 6-15 is preferred. As a 
substituent when it has a substituent, an alkyl group, an alkoxy group, an amino group, a 
cyano group, etc. are mentioned. As an example of an aromatic hydrocarbon group, a 
phenyl group, a tolyl group, a methoxypheny group, a biphenyl group, a naphthyl group, 
etc. are mentioned. 

[0192]As an aliphatic hydrocarbon group expressed with R 31 and R 32 , an alkyl group, a 
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cycloalkyl group, etc. are mentioned and these things may have a substituent also in no 
replacing. Especially, the thing of the carbon numbers 1-6 is preferred, and, specifically, a 
methyl group, an ethyl group, i-propyl group, t-butyl group, etc. are mentioned. 
[0193]As R 31 and R 32 , a hydrogen atom and an aromatic hydrocarbon group are preferred, 

and a hydrogen atom is especially preferred. 

[0194]the average degree of polymerization (m of ** 1 06) of the polymer A in a layer - 4- 
100 — desirable - 5-40 — it is 5-20 still more preferably. In this case, even if the repeating 
unit shown by ** 103 is the completely same polymer (homopolymer), it may be a 
copolymer (copolymer) which comprises a structural unit from which the combination of R 31 

and R 32 differs in ** 103. As a copolymer, they may be any, such as a random copolymer, 

an alternating copolymer, and a block copolymer. 

[0195]The weight average molecular weight of the polymer A in a layer is 300 to about 
10000. 

[0196]The end groups (X and X of ** 106) of the polymer A are halogen atoms, such as 

a hydrogen atom, chlorine, bromine, and iodine. Generally this end group is introduced 
depending on the starting material in the case of composition of the polymer A. 
Furthermore, other substituents can also be introduced in the culmination of a 
polymerization reaction. 

[0197]Although it is preferred to comprise only a structural unit of ** 103 as for the polymer 
A, as long as it is less than 10 mol %, other monomer components may be contained. 
[0198]The example of the polymer A is shown in ** 107. R_ of** 103 thru/or ** 106 and the 



combination of R 32 


show to ** 


107. 


[0199] 








[Formula 107] 
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[0200]Next, the copolymer B is explained. The copolymer B has a structural unit of ** 103, 

and a structural unit of ** 104, for example, is shown by ** 108. 

[0201] 

[Formula 108] 
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[0202]About ** 1 03, it is the same as that of the thing of the polymer A. Therefore, R 31 in ** 
108 and R 32 are the same as that of the thing of ** 103. 

[0203]When it describes about ** 104, R 33 and express a hydrogen atom, an aromatic 

hydrocarbon group, or an aliphatic hydrocarbon group, respectively, and these may be the 
same or may differ. 

[0204]The example of an aromatic hydrocarbon group and an aliphatic hydrocarbon group 
expressed with R g3 and R^ can mention what R 31 of ** 103 and R 32 mentioned by the 

way, and the same thing. The desirable thing of R 33 and R^ is the same as that of R 31 and 

R 32 . It may combine with each other, and R 33 and R 34 may form a ring, and may condense 

it in a thiophene ring. The benzene ring etc. are mentioned as a condensed ring in this 
case. About this R 33 and R g4 , it is the same also in ** 108. 

[0205]the average degree of polymerization (v+w in ** 108) of the copolymer B in a layer — 
the polymer A the same - 4-100 - desirable - 5-40 — it is 5-20 still more preferably. The 
structural units of the structural unit /-izing 1 04 of ** 1 03 of the ratio of the structural unit of 
** 103 and the structural unit of ** 104 are about 10 / one to 1/10 in a mole ratio. 
[0206]The weight average molecular weight of the copolymer B in a layer is 300 to about 
10000. 

[0207]The end group (X and X in ** 108) of the copolymer B is the same as that of the 

polymer A, and, generally it depends for it on the starting material in the case of 
composition of the copolymer B thru/or its ratio. 

[0208]Although it is preferred like the polymer A to comprise a structural unit of** 103 and a 
structural unit of ** 104 as for the copolymer B, as long as it is less than 10 mol %, other 
monomer components may be contained. The copolymers B may be any, such as a 
random copolymer, an alternating copolymer, and a block copolymer, and the structural 
formula of ** 108 includes such a structure. The structural units of ** 103 and ** 104 may be 
the same respectively, or they may differ. 

[0209]The example of the copolymer B is shown in ** 109. The combination of R of ** 
103, the combination of R 32 , R 33 of ** 104 and the combination of R^, i.e., R 31 of ** 108, 
R 32 , R 33 , and R^ shows to ** 109. 
[0210] 

[Formula 109] 
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[021 1]The polymer C of ** 105 is explained. If it describes about ** 105, R 33 and R 34 are 

synonymous with the thing of ** 104, and their desirable thing is also the same. 
[0212]X 1 and X 2 may be the same respectively, or may differ from each other, and are 

halogen atoms, such as a hydrogen atom or chlorine, bromine, and iodine, like the end 
group of the polymer A and the copolymer B. X 1 and X are dependent on the starting 

material in the case of composition of the polymer C. 

[021 3]n expresses an average degree of polymerization — the inside of a layer - the 
polymer A and the copolymer B the same — 4-100 ~ desirable — 5-40 — it is 5-20 still 
more preferably. In this case, even if the combination of R 33 and is the same polymer 

(homopolymer), it may be a copolymer (copolymer) in which the combination of R 33 and 

R 34 differs. As a copolymer, they may be any, such as a random copolymer, an alternating 

copolymer, and a block copolymer. 

[0214]The weight average molecular weight of the polymer C in a layer is 300 to about 
10000. 

[0215]Although it is preferred that it is structure as shown in ** 105 as for the polymer C, as 
long as it is less than 10 mol %, other monomer components may be contained like the 
polymer A and the copolymer B. 

[0216]The example of the polymer C is shown in ** 110 and ** 111. ** 110 is the same as ** 
105, and R 33 of ** 1 10 and the combination of show to ** 1 1 1 . 

[0217] 

[Formula 110] 

R 33v / R 34 




[0218] 

[Formula 111] 
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[0219]Especially the thing for which the polymer C is used among the above-mentioned 
polymers as a polythiophene in this invention is preferred. 
[0220]A polythiophene may use two or more sorts together, using only one sort. 
[0221]The melting point of the polythiophene used for this invention does not have not less 
than 300 ** or the melting point, and the good film of an amorphous state or a micro 
crystallite state is obtained by vacuum deposition. 

[0222]As mentioned above, when using the compound of this invention for a hole-injection 
transporting bed, in a luminous layer, the fluorescence substance which is a compound 
which has a luminescence function is contained. At least one sort chosen from compounds, 
such as a compound which is indicated by JP,63-264692,A, for example, Quinacridone, 
rubrene, and styryl system coloring matter, as this fluorescence substance, for example is 
mentioned. In addition, metal complex coloring matter, such as tris(8-quinolinolato) 
aluminum, tetraphenylbutadiene, anthracene, perylene, coronene, a 12-phtalo peri non 
derivative, etc. are mentioned. A luminous, layer is formed in predetermined thickness by 
vapor-depositing these organic fluorescent substances, or making it distribute in a resin 
binder, and coating. 

[0223]ln an electron injection transporting bed, organometallic complexes, such as tris(8- 
quinolinolato) aluminum, An oxadiazole derivative, a perylene derivative, a pyridine 
- derivative, a pyrimidine derivative, a quinoline derivative, a quinoxaline derivative, a 
diphenyl quinone derivative, a nitration fluorene derivative, etc. can be used. An electron 
injection transporting bed may serve as a luminous layer, and, in such a case, it is also 
preferred to use tris(8-quinolinolato) aluminum etc. What is necessary is just to depend 
formation of an electron injection transporting bed as well as a hole-injection transporting 
bed or a luminous layer on vacuum evaporation etc. 

[0224]When dividing an electron injection transporting bed into an electronic injection layer 
and an electron transport layer and ****(ing) it, desirable combination can be chosen and 
used out of the compound for electron injection transporting beds. At this time, it is 
preferred to laminate in order of the layer of a compound with a large value of electron 
affinity from the negative pole side. It is also the same as when providing an electron 
injection transporting bed more than two-layer about such laminating order. 
[0225]The singlet oxygen quencher may contain in the organic compound layer. 
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[0226]As such a quencher, rubrene, a nickel complex, diphenylisobenzofuran, the third 
class amine, etc. are mentioned. Especially rubrene is especially preferred. As for the 
content of such a quencher, when using together with the compound of this invention, it is 
preferred to use less than 10 mol % of the compound of this invention. 
[0227]lt is preferred to dope rubrene to an organic compound layer in this invention. 
[0228]A dope may go to the organic compound layer whole region, and is good preferably 
to consider it as the hole-injection transporting bed whole region. Since it is thought 
preferred that rubrene exists in a contact interface with the organic compound layer of a 
career recombination area, a luminous region, and its neighborhood, for example, a hole- 
injection transporting bed, especially, it is not necessary to necessarily consider it as the 
hole-injection transporting bed whole region. Although it is good also as a field of the half by 
the side of the luminous layer (it contains also when serving as an electron injection 
transporting bed.) which touches this of a hole-injection transporting bed, or an electron 
injection transporting bed (when a hole-injection transporting bed serves as a luminous 
layer), it is usually considered as the hole-injection transporting bed whole region. It can 
also.be considered as the field of the half by the side of the luminous layer which touches 
this of the hole-injection transporting bed whole region or a hole-injection transporting bed 
depending on the case, or an electron injection transporting bed, and the field of the hole- 
injection transporting bed side half of a luminous layer or an electron injection transporting 
bed. In particular, in a hole-injection transporting bed, the concomitant use with the 
compound of this invention and rubrene is preferred. 

[0229]As for use of high concentration [ start / rubrene / as for the doping concentration of 
rubrene / concentration quenching ], it is preferred undesirably to consider it as 0.1 - 50wt% 
to the whole doped layer, and it is preferred to consider it as 0.1 - 20wt% especially further 
0.1 -30wt%. 

[0230]Other fluorescence substances besides rubrene may be doped in this invention. 
[0231 ]lt is preferred to provide especially the mixed layer containing the mixture of both 
compounds as a luminous layer in this invention between the layer containing the 
compound of this invention and the layer containing the compound which has other 
functions. In order to raise luminescence intensity, the compound (fluorescence substance) 
which has a luminescence function in the mixed layer may be doped. 
[0232]lt is preferred to provide especially, the layer containing a mixture with the compound 
(the compound having a luminescence function is also included.) which has an electron 
injection transportation function as a luminous layer, since the compound of this invention is 
a compound which has a hole-injection transportation function. The compound which has 
an electron injection transportation function with which this mixing is presented can be 
chosen from the compounds for the aforementioned electron injection transportation, and 
can be used. Specifically, it is preferred to use tris(8-quinolinolato) aluminum etc. 
[0233]ln a mixed layer, two or more sorts of compounds which have an electron hole and 
an electron injection transportation function may be respectively used together, using only 
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one sort, as a compound which has a hole-injection transportation function, besides the 
compound of this invention, can be chosen from the compound for the aforementioned 
hole-injection transportation, and can be used. 

[0234]Especially, it is preferred to laminate the hole-injection transporting bed which used 
the compound of this invention on the hole-injection transporting bed using a polythiophene 
especially, and to make both mixed layer intervene as a luminous layer between this hole- 
injection transporting bed and an electron injection transporting bed. 
[0235]Although the mixture ratio in this case is based on carrier mobility, The compound of 
this invention to the whole mixed layer 30 - 70wt%, and further 40 - 60wt %, It is 50wt% 
especially. It is preferred to make it become a grade (about [ Therefore, a weight ratio, 30 / 
70 - 70/30, further 40 / 60 - 60/40 of the compound which usually has the compound / 
electron injection transportation function of this invention, especially ] 50/50). 
[0236] It is preferred that less than the thickness of an organic compound layer carries out 
from the thickness equivalent to one layer of molecular layers, as for the thickness of a 
mixed layer, it is preferred to specifically be referred to as 1-85 nm, and it is preferred to be 
especially referred to as 5-50 nm further 5-60 nm. 

[0237]Although the vapor codeposition evaporated from a different deposition source as a 
formation method of a mixed layer is preferred, when steam pressure (evaporating 
temperature) is comparable or very near, it can be made to be able to mix within the same 
vacuum evaporation board beforehand, and can also vapor-deposit. Although it is more 
desirable for compounds to mix the mixed layer uniformly, depending on the case, a 
compound may exist in island shape. 

[0238]A mixed layer can be used also for organic compound layers other than a luminous 
layer. However, high-intensity uniform light emission may become it is preferred to make it 
a part of organic compound layer which exists in an element, and if all organic compound 
layers are made into a mixed layer, will be hard to be obtained. 
[0239] Although the compound of this invention is preferably used for a hole-injection 
transporting bed, It is preferred that the difference of the ionization potential Ip with the 
luminous layer (it contains also when serving as an electron injection transporting bed.) 
provided in contact with this hole-injection transporting bed is 0.25 eV or more, and it is 
especially preferred that it is 0.25-0.40 eV. 

[0240]Since the layer which touches this layer is an electron injection transporting bed 
when the layer containing the compound of this invention is a layer which has a hole- 
injection transportation function and the difference of the above-mentioned ionization 
potential Ip is a layer which functions also as a luminous layer, it is considered as a 
difference with this layer. 

[0241]The absolute value of the ionization potential Ip of the compound of this invention is 
about 5.0-5.4 eV. 

[0242]The above-mentioned ionization potential Ip Shirohashi, Isobe, Uda, an electronic 
industry material, It is the value which measured the vacuum evaporation film of the 
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monolayer of 10 - 200-nm thickness using the sample which formed membranes on the 
substrate which has an ITO transparent electrode, slide glass, etc. using the low-energy- 
electron-spectroscopy device "Model AC-1" (made by Riken Keiki) according to the 
statement of 123(1985). 

[0243]An above low-energy-electron-spectroscopy device is a thing of composition of being 
shown in drawing 2 . 

[0244]As shown in drawing 2 , the spectral device 10 is constituted by the 1 1 
monochromator ultraviolet ray lamp 12, the detector 13, the low-energy-electrons counting 
device 14, the control device 15, the operation display 16, and X-Y stage 17, and measures 
by laying the sample S on an X-Y stage. 

[0245]The spectrum of the light which came out of this lamp to the ultraviolet ray lamp 1 1 
using the deuterium lamp is carried out to the arbitrary wavelength of 200-360 nm by the 
monochromator 12, and the sample S surface is irradiated. If 200-360-nm light is converted 
into energy using the formula of E=h nu=h (c/lambda) (E: energy, h:Planck constant, 
nu:pitch, lambda:wavelength), it will be respectively set to 6.2-3.4 eV. If the sweep of this 
light is carried out toward the higher one from the lower one of excitation energy, the 
electron emission by a photoelectric effect will start with a certain energy. This energy is a 
value generally called photoelectrical work function. Thus, the emitted photoelectron is 
calculated using the detector 13 and the low-energy-electrons counting device 14, After 
calculating bag land amendment, amendment of the counting loss in a dead time, etc., 
excitation energy and the amount characteristic of emission electron (basic characteristic) 
as shown in drawing 3 are displayed on the display of the operation display 16. 
[0246]lf this rate of photoelectric emission ( CountPerSecond : CPS) and the relation of 

excitation energy (eV) make a vertical axis n-th power (CPS) n of the rate of photoelectric 
emission and a horizontal axis is made into excitation energy as shown in the basic 
characteristic, it can express with straight-line relations. Here, the value of n has usually 
adopted one half. 

[0247]The control device 15 is performing wavelength drive of the monochromator 12, 
control of the sample position by X-Y stage 17, and count control of the low-energy- 
electrons coefficient device 14. 

[0248]Therefore, in this invention, the photoelectrical work function obtained from drawing 3 
is made into the ionization potential Ip. 

[0249]When it is a time of the compound of further others containing and the compound of 
this invention is made the layer containing the compound of this invention with the main 
ingredients (it is usually 50wt% the above content), It shall be considered that the value of 
the ionization potential Ip acquired from the monolayer of the compound of this invention is 
the ionization potential Ip of this layer. Also when two or more sorts of compounds contain 
in the layer containing the compound of this invention, and the layer compared, it shall be 
considered that the value of the ionization potential Ip acquired from the monolayer of the 
compound used as the main ingredients (usually 50wt% more than content) is the 
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ionization potential Ip of this layer. 

[0250]The absolute value of the ionization potential Ip becomes what has the one of the 
monolayer of the compound of this invention smaller than the monolayer of the compound 
compared and contrasted. 

[0251 ]The concept of such ionization potential shall not be applied in the composition 
between which the mixed layer was made to be placed. 

[0252]lt is preferred to use the alloy which contains a small material of a work function, for 
example, Li, Na, Mg, aluminum, Ag, ln(s), or these one or more sorts in the negative pole. 
As for the negative pole, it is preferred that a crystal grain is fine, and it is preferred 
especially that it is an amorphous state. As for the thickness of the negative pole, it is 
preferred to be referred to as about 10-1000 nm. 

[0253]ln order to carry out surface light of the organic EL device, the thing with at least one 
transparent electrode for which the material and thickness of the anode are determined that 
the transmissivity of luminescent light will be not less than 80% preferably since the 
material of the negative pole has restriction as it was, and it carries out, needs to be 
translucent and being described above is preferred. It is preferred to specifically use for the 
anode the polypyrrole etc. which doped ITO, Sn0 2 , nickel, Au, Pt, Pd, and a dopant, for 

example. As for the thickness of the anode, it is preferred to be referred to as about 10-500 
nm. In order to raise the reliability of an element, it is required for driver voltage to be low, 
but ITO of 10-30ohms / ** is mentioned as a desirable thing. 

[0254]Although there is no restriction in particular in a substrate material, in order to take 
out luminescent light from the substrate side, in the example of a graphic display, the 
transparence thru/or translucent material of glass, resin, etc. is used. The luminescent color 
may be controlled using the color conversion membrane which contains a color filter film 
and a fluorescence substance in a substrate, or a dielectric reflecting film. 
[0255]When using an opaque material for a substrate, built-up sequence shown in drawing 
1_may be made reverse. 

[0256]Next, the manufacturing method of the organic EL device of this invention is 
explained. 

[0257]As for the negative pole and the anode, it is preferred to form with vapor phase 
growth, such as vacuum deposition and a sputtering technique. 

[0258]lt is preferred to use a vacuum deposition method for formation of a hole-injection 
transporting bed, a luminous layer, and an electron injection transporting bed, since a 
homogeneous thin film can be formed. When a vacuum deposition method is used, a 
homogeneous thin film of 0.1 micrometer or less (a lower limit is usually about 0.001 
micrometer.) is obtained for an amorphous state or a crystal grain diameter. If the crystal 
grain diameter is over 0.1 micrometer, it will become uneven luminescence, driver voltage 
of an element must be made high, and the injection efficiency of an electric charge will also 
fall remarkably. 

[0259]As for an evaporation rate, although the conditions in particular of vacuum deposition 
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are not limited, it is considered as the degree of vacuum below 10 " Pa, and it is preferred 
to carry out in about 0.1-1 nm/[ sec and ]. It is preferred to form each class continuously in a 
vacuum. Since it can prevent an impurity sticking to the interface of each class if it forms 
continuously in a vacuum, a high characteristic is acquired. Driver voltage of an element 
can be made low. 

[0260]When using a vacuum deposition method for formation of these each class, and 
making one layer contain two or more compounds, it is preferred to carry out temperature 
control of each boat into which the compound was put individually, and to carry out vapor 
codeposition, but after mixing beforehand, it may vapor-deposit. In addition to this, the 
solution applying method (spin coat, dip, the cast, etc.) Langmuir Blodgett (LB) method etc. 
can also be used. It is good also as composition which distributes the compound of this 
invention in matrix materials, such as polymer, in the solution applying method. 
[0261]although the organic EL device of this invention is usually used as a direct-current 
drive type EL element — an alternating current drive — or a pulse drive can also be carried 
out. Impressed electromotive force is usually made into about 2-20V. 
[0262]The application to optoelectric transducers, for example, a photoelectric cell, and 
photosensors other than an organic EL device is possible for the compound of this 
invention as an organic semiconductor material which has donor nature. It is useful also as 
a thermochromic material using transition between an amorphous state and a crystal. 
[0263] 

[Example]Hereafter, the concrete example of this invention is shown with a comparative 
example, and this invention is explained still in detail. 

[0264]To the ordinary pressure hydrogenation device of 2000 ml of composition of 
<Example 1> N,N,N , ,N , -tetra(3-biphenylyl) benzidine (compound No. 1-1), (1.26 mol) of m- 
nitrobiphenyl 250g, Pd-C 12. 5g and 1250 ml of ethanol were taught 5%, and hydrogen gas 
of the amount of theories was made to absorb at a room temperature. It filtered, the catalyst 
was removed, solvent distilling off of the filtrate was carried out, and 212 g of m- 
aminobiphenyl was obtained (99.9% of yield), except for m-nitrobiphenyl having been 254 g 
(1.28 mol) - the scale — even if — 1 batch reaction was obtained and carried out and 215 g 
of m-aminobiphenyl was obtained (99.7% of yield). 

[0265]775 ml of concentrated hydrochloric acid, 775 ml of water, and the ice 775g are 
taught to a 10000-ml reaction vessel, and m-aminobiphenyl 125g (0.740 mol) was added 
and was made suspended. The 750-ml solution of the sodium nitrite 56.3g (0.816 mol) was 
dropped at this for 30 minutes below 0 **, and it stirred in the ** for 50 minutes after that. 
The 1250-ml solution of 185 g (1 .12 mol) of potassium iodide was dropped at the obtained 
diazonium salt solution below 0 ** for 1 hour. It stirred by the ** for after-dropping 1 hour, 
and it returned to the room temperature and stirred for 2 hours. 

[0266]Ethyl acetate extraction of the reaction solution was carried out, it rinsed and dried 
(magnesium sulfate), solvent distilling off of the organic layer was carried out, and the 
rough crystal was obtained. Further 1 batch reaction was taken on the scale, the obtained 
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rough crystal was set, silica gel column refining was carried out in n-hexane, and 297 g of 
m-iodQbiphenyl was obtained (71.7% of yield of 2 batch ********). 

[0267]To a 2000-ml reaction vessel, m-aminobiphenyl 140g (0.828 mol), m-iodobiphenyl 
232g (0.829 mol), the potassium carbonate 63. 1g (0.457 mol), 13.9 g of copper powder, 
and 800 ml of nitrobenzene were prepared, and heating flowing back was carried out under 
Ar air current for 32 hours. After ending reaction, it filtered and solvent distilling off of the 
filtrate was carried out except for the insoluble matter. Silica gel column refining of the 
obtained residue was carried out in n-hexane/toluene =4/1, and 44.5 g of Jl (3-biphenyl) 
amine (high grade article) was obtained (16.7% of yield). 

[0268]To a 500-ml reaction vessel, 44.5 g (0.139 mol) of Jl (3-biphenyl) amine, The 4,4'- 
diiodobiphenyl 27.6g (0.0680 mol), the potassium carbonate 34.3g (0.249 mol), 2.3 g of 
copper powder, and 180 ml of nitrobenzene were prepared, and heating flowing back was 
carried out under Ar air current for 24 hours. After ending reaction, it filtered and solvent 
distilling off of the filtrate was carried out except for the insoluble matter. Silica gel column 
refining of the obtained residue was carried out in n-hexane/toluene =3/1, and 30 g of 
primary refining N,N,N , ,N , -tetra(3-biphenylyl) benzidine was obtained (55.7% of yield). 
Recrystallization refining of this was carried out with toluene, and the 99.58% of purity 
article 6.0g and the 99.23% of purity article 5.0g were obtained (20.4% of yield). 
Sublimation refining was performed and the 99.99% of purity article 8.0g was obtained. 

[0269]mass analysis: m/e 792 (M + ) 

Infrared-absorption-spectrum (I Re drawing 4 NMR-spectrum: — drawing 5 differential- 
scanning-calorimetry (DSC): - the melting point 207.4 ** and glass transition temperature 
95.8 ** [0270](0.429 mol) of 72.5 g of synthetic 4-aminobiphenyl of <Example 2> N,N,N',N'- 
tetra(4-biphenylyl) benzidine (compound No. 11-1), 4-iodobiphenyl 120g (0.429 mol), the 
potassium carbonate 32.6g (0.236 mol), the copper 6.8g (0.107 mol), and 430 ml of 
nitrobenzene were prepared, and it was made to react at 210 ** overnight. It cooled 
radiationally after the reaction and decompression distilling off of the solvent of filtrate was 
carried out after washing under chloroform except for copper salt in filtration under reduced 
pressure. 500 ml of methanol was added to residue, it cooled, and the precipitated crystal 
was separated. Since the TORIBI phenylamine of a by-product deposited if the heating and 
dissolving of the obtained crystal 49g are carried out to 250 ml of dimethylformamide (DMF) 
and it is water-cooled, it separated and removed, and the crystal which fed filtrate into 1000 
ml of water, and deposited was separated, rinsed and swabbed in methanol. 
[0271 ]The crystal 35g having contained the obtained moisture was recrystallized with 750 
ml of toluene, and Jl (4-biphenyl) amine of piece of yellowish green Lynn-like ** was 
obtained. The mother liquor was condensed and extracted the second **. The yield was 
19g (13.8% of yield). 

[0272J15 g (0.0467 mol) of Jl (4-biphenyl) amine, and the 4,4 , -diiodobiphenyl 9.5g (0.0234 
mol), The potassium carbonate 9.7g (0.0702 mol), the copper 0.74g (0.01 17 mol), and 76 
ml of nitrobenzene were prepared, and 2 day and night were made to react at 220 **. 750 
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ml of after-reaction DMF was added, and it filtered at the time of heat, and except for 
copper salt, filtrate was cooled and the precipitated crystal was separated. Recrystallization 
was repeated for the crystal 25g having contained the obtained water 3 times with 100- 
times the amount toluene, and the N,N,N\N'-tetra(4-biphenylyl) benzidine of ******** which 
is an object was obtained (the yield of 9 g, and 48.6% of yield). Sublimation refining was 
performed and the 99.99% of purity article was obtained. 

[0273]Mass analysis: m/e 792 (M + ) 

Infrared-absorption-spectrum (IR): drawing 6 NMR-spectrum: - drawing 7 differential- 
scanning-calorimetry (DSC): - the melting point 267.7 ** and glass transition temperature 
131.8 ** [0274]To the reaction vessel of 10000 ml of composition of <Example 3> N,N'- 
diphenyl-N,N'-JI (3-biphenylyl) benzidine (compound No. VIM). 155 ml of concentrated 
hydrochloric acid, the water 155g, and the ice 155g are prepared, and m-aminobiphenyl 
25g (0.148 mol) was added and was made suspended. The 150-ml solution of the sodium 
nitrite 1 1 .3g (0.164 mol) was dropped at this for 30 minutes below 0 **, and it stirred in the 
** for 50 minutes after that. The 250-mi solution of 37 g (0.223 mol) of potassium iodide 
was dropped at the obtained diazonium salt solution below 0 ** for 1 hour. It stirred by the 
** for after-dropping 1 hour, and it returned to the room temperature and stirred for 2 hours. 
Ethyl acetate extraction of the reaction solution was carried out, it rinsed and dried 
(magnesium sulfate), solvent distilling off of the organic layer was carried out, and the 
rough crystal was obtained. 

[0275]Silica gel column refining of this was carried out in n-hexane, and 28 g of m- 
iodobiphenyl was obtained. 

[0276]To a 300-ml reaction vessel, 10 g (0.0298 mol) of N,N'-diphenylbenzidine, m- 
iodobiphenyl 25g (0.0893 mol), the potassium carbonate 12.3g (0.0891 mol), 2.6 g of 
copper powder, and 150 ml of nitrobenzene were prepared, and heating flowing back was 
carried out under Ar air current for 24 hours. After ending reaction, it filtered and solvent 
distilling off of the filtrate was carried out except for the insoluble matter. Silica gel column 
refining of the obtained residue was carried out in n-hexane/ethyl acetate =5/1, and 15 g of 
primary refining N^'-diphenyl-NKN'-JI (3-biphenylyl) benzidine was obtained (78.8% of 
yield). Recrystallization refining of this was carried out with toluene, and a 10.6-g 99.9% of 
purity article was obtained (55.6% of yield). Furthermore sublimation refining was 
performed and the 99.99% of purity article was obtained. 

[0277]Mass analysis: m/e 640 (M + ) 

Infrared-absorption-spectrum (IR): drawing 8 NMR-spectrum: - drawing 9 differential- 
scanning-calorimetry (DSC): - the melting point 189.8 ** and glass transition temperature 
83.6 ** [0278]To the reaction vessel of 500 ml of composition of <Example 4> N,N'- 
diphenyl-N^'-bisH^N-phenyl-N-S-methylphenylamino) biphenyl 4-yl] benzidine 
(compound No. X-10), 33.6 g of N,N'-diphenylbenzidine. 25.0 g (0.11 mol) of (0.10 mol) m- 
iodotoluene, the potassium carbonate 27. 6g (0.2 mol), 2.6 g of copper powder, and 200 ml 
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of nitrobenzene were prepared, and heating flowing back was carried out under Ar air 
current for 24 hours. After ending reaction, it filtered and solvent distilling off of the filtrate 
was carried out except for the insoluble matter. Silica gel column refining was performed 
twice for the obtained residue in n-hexane/toluene =1/2, and 28.10 g of N,N'-diphenyl-N [-4- 
(N-phenyl-N-3-methylphenylamino) biphenyl 4-yl] benzidine was obtained (42% of yield). 
[0279]To a 500-ml reaction vessel, the 4,4 , -diiodobiphenyl 8.1g (0.02 mol), 28.1 g (0.02 
mol) of N,N'-diphenyl-N [-4-(N-phenyl-N-3-methylphenylamino) biphenyl 4-yl] benzidine, 
The potassium carbonate 11.04g (0.08 mol), 1.0 g of copper powder, and 100 ml of 
nitrobenzene were prepared, and heating flowing back was carried out under Ar air current 
for 24 hours. After ending reaction, it filtered and solvent distilling off of the filtrate was 
carried out except for the insoluble matter. Silica gel column refining was performed twice 
for the obtained residue in n-hexane/toluene =2/1, and the N.N'-diphenyl-N^'-bisf-^N- 
phenyl-N-3-methylphenylamino) biphenyl 4-yl] benzidine of a 11.62-g high grade was 
obtained (58% of yield). Recrystallization refining of this was carried out with the mixed 
solvent of hexane and toluene, and the solid of the transparent amorphous state with a light 
yellow [ purity 99.9% of ] of 7.3 g was obtained. 

[0280]Mass analysis: m/e 1002 (M + ) 

Infrared-absorption-spectrum (IR): drawing 10 NMR-spectrum: - drawing 1 1 differential- 
scanning-calorimetry (DSC): - the melting point was not observed (it was amorphous from 
the early state). 

Glass transition temperature 132 ** [0281]To the reaction vessel of 300 ml of composition 
of <Example 5> N^-diphenyl-N^'-bisH'^N^-di-S-biphenylylamino) biphenyl 4-yl] 
benzidine (compound No. X-3), 16.1 g (0.050 mol) of Jl (3-biphenylyl) amine, The 4,4'- 
diiodobiphenyl 20. 3g (0.050 mol), the potassium carbonate 13.8g (0.10 mol), 1.0 g of 
copper powder, and 100 ml of nitrobenzene were prepared, and heating flowing back was 
carried out under Ar air current for 24 hours. After ending reaction, it filtered and solvent 
distilling off of the filtrate was carried out except for the insoluble matter. Silica gel column 
refining of the obtained residue was carried out in n-hexane/toluene =5/1, and 12.0 g of 4- 
[N,N'-JI (3-biphenylylamino)]-4-iodo-1,r-biphenyl was obtained (40% of yield). 
[0282]To a 300-ml reaction vessel, the 4 , -[N,N , -JI (3-biphenylyl) amino]-4-iodo-1,r-biphenyl 
12.0g (0.020 mol), 3.03 g (0.009 mol) of N,N'-diphenylbenzidine, the potassium carbonate 
5.52g (0.04 mol), 0.5 g of copper powder, and 100 ml of nitrobenzene were prepared, and 
heating flowing back was carried out under Ar air current for 24 hours. After ending 
reaction, it filtered and solvent distilling off of the filtrate was carried out except for the 
insoluble matter. Silica gel column refining was performed twice for the obtained residue in 
toluene/n-hexane =2/1, and 6.90 g of N^-diphenyl-N.N'-bist^^N^-di-S-biphenylylamino) 
biphenyl 4-yl] benzidine was obtained (60% of yield). Recrystallization refining of this was 
carried out with toluene, and the solid of the transparent amorphous state with a light yellow 
[ purity 99.9% of ] of 5.2 g was obtained. About this compound as well as Example 4, it 
identified by mass analysis, IR, and NMR. 
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[0283]Other compounds shown in ** 31 - the-izing 102 were compounded according to the 
above-mentioned method, and it identified by mass analysis, IR, and NMR. 
[0284]The glass substrate which has an ITO transparent electrode (anode) with a 
<Example 6> thickness of 200 nm was cleaned ultrasonically using neutral detergent, 
acetone, and ethanol. The substrate was pulled up out of boiling ethanol, it dried, and after 
UV/CK. -washing, it fixed to the substrate holder of an evaporation apparatus, and 

o 

-4 

decompressed below to 1x10 Pa. 

[0285]Subsequently, the compound of Example 1 was vapor-deposited in thickness of 55 
nm with the evaporation rate of 0.2nm/sec, and the thin film of the transparent amorphous 
state was obtained. Even if it neglected this from the inside of the atmosphere for more 
than ten months to the thermostat of 30 **-100%RH which is a severe condition, and 60 **- 
90%RH, crystallization did not take place, but was maintaining the stable amorphous state, 
and showed high thin-film-forming ability and leaving stability. It was 5.35 eV when the 
ionization potential Ip was measured about the film produced similarly by low-energy- 
electron-spectroscopy device AC-1 (made by Riken Keiki). 

[0286]When experimented about the compound of <Example 7> example 2 and Example 3 
as well as Example 6, even if it neglected it for more than ten months, crystallization did not 
take place like Example 6. Ip(s) of the vacuum evaporation film were 5.36 eV and 5.38 eV, 
respectively. 

[0287]When experimented like [ compound / of <Example 8> example 4 and Example 5 ] 
Example 6, even if it neglected it for more than ten months, crystallization did not take place 
like Example 6. Ip(s) of the vacuum evaporation film were 5.32 eV and 5.28 eV, 
respectively. 

[0288]lnstead of the compound of the comparative example 1> example 1, it is compound 
**N,N'-diphenyl-N,l\r-JI (S-methylphenylH^'-diamino-U'-biphenyl (melting point: 171.2 **). 
Glass transition temperature: 61.3 ** or compound **1,1 , -bis(4-di-p-tolylamino phenyl) 
cyclohexane (melting point: 187.8 **) Glass transition temperature: Except having used 
79.9 **, the thin film was produced by the same method as Example 6, and it was neglected 
to the thermostat of 30 **-100%RH. In spite of having neglected it to the environmental 
condition looser than Examples 6-8 in temperature, as for compound **, crystallization of 
compound ** started on the 30th on the 3rd. 

[0289]When Ip was measured about compound ** and compound ** like Example 6, 
compound ** and ** were 5.40 eV. 

[0290]The glass substrate which has an ITO transparent electrode (anode) with a 
<Example 9> thickness of 200 nm was cleaned ultrasonically using neutral detergent, 
acetone, and ethanol. The substrate was pulled up out of boiling ethanol, it dried, and after 
UV/0- 3 -washing, it fixed to the substrate holder of an evaporation apparatus, and 

decompressed below to 1x10 ^Pa. 

[0291]First, the compound of Example 1 was vapor-deposited in thickness of 75 nm with 
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the evaporation rate of 0.2nm/sec, and it was considered as the hole-injection transporting 
bed. 

[0292]SubsequentIy, with the reduced pressure state maintained, tris(8-quinolinolato) 
aluminum was vapor-deposited in thickness of 50 nm with the evaporation rate of 
0.2nm/sec, and it was considered as electron injection transportation and a luminous layer. 
[0293]MgAg (weight ratio 10:1) was vapor-deposited in thickness of 200 nm with the 
evaporation rate of 0.2nm/sec, it was considered as the negative pole, with the reduced 
pressure state maintained, and the organic EL device was obtained. 
[0294]Direct current voltage was impressed to this EL element, and the continuation drive 

was carried out by the constant current density of bottom of drying atmosphere 10 mA/cm 2 . 
In early stages, luminescence of the yellowish green (luminescence maximum wavelength 

lambdamax = 500 nm) of 6.5V and 400-cd[/m ] 2 was checked. There was a rise of driver 
voltage in the meantime by 4.0V, and the half line of luminosity was 600 hours and the 
difference with the compound of Example 1 made into the hole-injection transporting bed 
was [ Ip of the vacuum evaporation film of the tris(8-quinolinolato) aluminum made into the 
luminous layer is 5.64 eV, and ] 0.29 eV. 

[0295]ln <Examples 10 and 1 1> example 9, the compound of Example 2 or the compound 

of Example 3 was used instead of the compound of Example 1, the EL element was 

obtained similarly, and the characteristic was investigated similarly. 

[0296]ln the comparative example 2 and 3> example 9, compound ** or ** of the 

comparative example 1 was used instead of the compound of Example 1 , the EL element 

was obtained similarly, and the characteristic was investigated similarly. 

[0297]The characteristic is summarized about Examples 9-11 and the comparative 

examples 2-3, and it is shown in Table 1. 

[0298] 

[Table 1] 
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[0299]ln <Examples 12 and 13> example 9, when the compound of Example 4 or Example 
5 was used instead of the compound of Example 1, the EL element was obtained similarly 
and the characteristic was investigated similarly, also in any, the result good [ more than 
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equivalent ] was indicated to be Example 9. The difference of Ip with tris(8-quinolinolato) 
aluminum was 0.36 eV with the compound of 0.32 eV and Example 5 in the compound of 
Example 4. 

[0300]The glass substrate which has an ITO transparent electrode (anode) with a 
<Example 14> thickness of 200 nm was cleaned ultrasonically using neutral detergent, 
acetone, and ethanol. The substrate was pulled up out of boiling ethanol, it dried, and after 
UV/0- 3 -washing, it fixed to the substrate holder of an evaporation apparatus, and 

decompressed below to 1x10 ^Pa. 

[0301]First, poly (thiophene 2,5-diyl) was vapor-deposited in thickness of 20 nm with the 
evaporation rate of 0.1nm/sec, and it was considered as the first hole-injection transporting 
bed. 

[0302]Subsequently, with the reduced pressure state maintained, the compound of 

Example 1 was vapor-deposited in thickness of 55 nm with the evaporation rate of 

0.2nm/sec, and it was considered as the second hole-injection transporting bed. 

[0303]With the reduced pressure state maintained, tris(8-quinolinolato) aluminum was 

vapor-deposited in thickness of 50 nm with the evaporation rate of 0.2nm/sec, and it was 

considered as electron injection transportation and a luminous layer. 

[0304]MgAg (weight ratio 10:1) was vapor-deposited in thickness of 200 nm with the 

evaporation rate of 0.2nm/sec, it was considered as the negative pole, with the reduced 

pressure state maintained, and the organic EL device was obtained. 

[0305]Direct current voltage was impressed to this EL element, and the continuation drive 

was carried out by the constant current density of bottom of drying atmosphere 10 mA/cm . 
In early stages, luminescence of the yellowish green (luminescence maximum wavelength 

lambdamax = 500 nm) of 6.0V and 350-cd[/m ] 2 was checked. The half line of luminosity 
was 1600 hours, and moreover the rise of driver voltage in the meantime was 2.3V, there 
were no appearance and growth of a dark spot. 

[0306]Furthermore, also after that, current leakage did not happen but showed stable 
luminescence. 

[0307]Although the necessary condition for applying as a display is fully fulfilled, the 
continuation drive of these results was further carried out with high current density (40 

mA/cm 2 ) from the meaning which accelerates life test. In early stages, high-intensity [ of 

1400 cd/m 2 ] was shown, the half line was 400 hours, and the rise of driver voltage in the 
meantime was 5.0V. 

[0308]ln <Examples 15 and 16> example 14, instead of the compound of Example 1, the 
compound of Example 2 or the compound of Example 3 was used, the EL element was 
obtained similarly, and the characteristic was similarly investigated on condition of current 

density 10 mA/cm 2 . 

[0309]The characteristic in the conditions of current density 10 mA/cm 2 is summarized 
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about Examples 14-16, and it is shown in Table 2. 

[0310] 
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[031 1]ln <Examples 17 and 18> example 14, instead of the compound of Example 1, When 
the EL element was similarly obtained using the compound of Example 4, or the compound 
of Example 5 and the characteristic was similarly investigated on condition of current 

density 2 of 10mA/cm, also in any, the result good [ more than equivalent ] was indicated to 
be Example 14. 

[0312]The glass substrate which has an ITO transparent electrode (anode) with a 
<Example 19> thickness of 200 nm was cleaned ultrasonically using neutral detergent, 
acetone, and ethanol. The substrate was pulled up out of boiling ethanol, it dried, and after 
UV/0- 3 -washing, it fixed to the substrate holder of an evaporation apparatus, and 

decompressed below to 1x10 " 4 Pa. 

[0313]First, the compound and rubrene of Example 1 were vapor-deposited in total 75nm 
thickness with the evaporation rate of 0.2nm/[ sec and ] and 0.02nm/sec, respectively, and 
it was considered as the hole-injection transporting bed. 

[0314]Subsequently, with the reduced pressure state maintained, tris(8-quinolinolato) 
aluminum was vapor-deposited in thickness of 50 nm with the evaporation rate of 
0.2nm/sec, and it was considered as electron injection transportation and a luminous layer. 
[0315]MgAg (weight ratio 10:1) was vapor-deposited in thickness of 200 nm with the 
evaporation rate of 0.2nm/sec, it was considered as the negative pole, with the reduced 
pressure state maintained, and the organic EL device was obtained. 
[0316]Direct current voltage was impressed to this EL element, and the continuation drive 

was carried out by the constant current density of bottom of drying atmosphere 10 mA/cm . 
In early stages, luminescence of the yellow (luminescence maximum wavelength 

lambdamax = 550 nm) of 6.2V and 550-cd[/m ] 2 was checked. The half line of luminosity 
was 1500 hours and the rise of driver voltage in the meantime was 2.8V. 
[0317]ln <Examples 20 and 21 > example 19, instead of the compound of Example 1, the 
compound of Example 2 or the compound of Example 3 was used, the EL element was 
obtained similarly, and the characteristic was investigated similarly. 

[0318]The characteristic is summarized about Examples 19-21, and it is shown in Table 3. 
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[0319] 
[Table 3] 
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[0320]ln <Examples 22 and 23> example 19, when the compound of Example 4 or the 
compound of Example 5 was used, the EL element was similarly obtained instead of the 
compound of Example 1 and the characteristic was investigated similarly, the result good 
[ more than equivalent ] was indicated to be Example 19. 

[0321 ]The glass substrate which has an ITO transparent electrode (anode) with a 
<Example 24> thickness of 200 nm was cleaned ultrasonically using neutral detergent, 
acetone, and ethanol. The substrate was pulled up out of boiling ethanol, it dried, and after 
UV/O—washing, it fixed to the substrate holder of a vacuum evaporator, and the vacuum 

chamber was decompressed below to 1x10 ^Pa. 

[0322]First, poly (thiophene 2,5-diyl) was vapor-deposited in thickness of about 20 nm with 
the evaporation rate of about 0.1nm/sec, and it was considered as the first hole-injection 
transporting bed. 

[0323]Subsequently, after returning a vacuum chamber under the atmosphere and 

decompressing a vacuum chamber below to 1x10 ^Pa again, Vapor codeposition of the 
compound and rubrene of Example 1 was carried out to the thickness of about 55 nm of 
totals in sec in the evaporation rate of 0.1-0.2nm/sec, and 0.01-0.02nm /, respectively, and 
it was considered as the second hole-injection transporting bed. 
[0324]With the reduced pressure state maintained, tris(8-quinolinolato) aluminum was 
vapor-deposited in thickness of about 50 nm with the evaporation rate of 0.1-0.2nm/sec, 
and it was considered as electron injection transportation and a luminous layer. 
[0325]MgAg (weight ratio 10:1) was vapor-deposited in thickness of about 200 nm with the 
evaporation rate of 0.2nm/sec, it was considered as the negative pole, with the reduced 
pressure state maintained, and the EL element was obtained. 

[0326]Direct current voltage was impressed to this EL element, and the continuation drive 

was carried out by the constant current density of bottom of drying atmosphere 10 mA/cm . 
In early stages, luminescence of the yellow (luminescence maximum wavelength 

lambdamax = 550 nm) of 6.2V and 420-cd[/m ] 2 was checked. The half line of luminosity 
was 2000 hours and the rise of driver voltage in the meantime was 4.9V. 
[0327]Although the necessary condition for applying as a display is fully fulfilled, the 

http://www4.ipdl.mpit^ 4/1/2008 



JP,08-048656,A [DETAILED DESCRIPTION] 



Page 102 of 104 



continuation drive of these results was further carried out with high current density (40 
mA/cm 2 ) from the meaning which accelerates life test. In early stages, high-intensity [ of 
1490 cd/m 2 ] was shown, the half line was 500 hours, and the rise of driver voltage in the 
meantime was 3.5V. 

[0328]ln <Example 25> example 24, the compound of Example 4 was used instead of the 
compound of Example 1 used for the second hole-injection transporting bed, and also the 
EL element was obtained similarly. When the characteristic was investigated like [ EL 
element / this ] Example 24, the result good [ more than equivalent ] was indicated to be 
Example 24. 

[0329]The glass substrate which has an ITO transparent electrode (anode) with a 
<Example 26> thickness of 200 nm, The substrate was pulled up out of boiling ethanol, it 
cleans ultrasonically using neutral detergent, acetone, and ethanol, it dried, and after UV/O- 
3 -washing, it fixed to the substrate holder of a vacuum evaporator, and the vacuum 

chamber was decompressed below to 1x10 Pa. 

[0330]First, the compound of Example 1 was vapor-deposited in thickness of about 
55nm/sec with the evaporation rate of 0.1-0.2nm/sec, and it was considered as the hole- 
injection transporting bed. 

. [0331]With the reduced pressure state maintained, vapor codeposition of the tris(8- 
quinolinolato) aluminum was carried out as said hole-injection transported material and an 
electron injection transported material with the almost same evaporation rate (0.1-0.2nm/ 
(sec)), and it formed in a thickness of about 40 nm by making a mixed layer into a luminous 
layer. 

[0332]With the reduced pressure state maintained, said electron injection transported 
material was vapor-deposited in thickness of about 30 nm with the evaporation rate of 0.1- 
0.2nm/sec, and it was considered as the electron injection transporting bed. 
[0333]MgAg (weight ratio 10:1) was vapor-deposited in thickness of about 200 nm with the 
evaporation rate of 0.2nm/sec, it was considered as the negative pole, with the reduced 
pressure state maintained, and the EL element was obtained. 

[0334]Direct current voltage was impressed to this EL element, and the continuation drive 

was carried out by the constant current density of bottom of drying atmosphere 10 mA/cm . 
In early stages, luminescence of the yellowish green (luminescence maximum wavelength 

lambdamax = 500 nm) of 6.7V and 470-cd[/m ] 2 was checked. The half line of luminosity 
was 2000 hours and the rise of driver voltage in the meantime was 3.0V. 
[0335]ln <Example 27> example 26, the compound of Example 4 was used instead of the 
compound of Example 1 used for the hole-injection transporting bed and the mixed layer 
(luminous layer), and also the EL element was obtained similarly. When the characteristic 
was investigated like [ EL element / this ] Example 26, the result good [ more than 
equivalent ] was indicated to be Example 26. 
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[0336]The glass substrate which has an ITO transparent electrode (anode) with a 
<Example 28> thickness of 200 nm was cleaned ultrasonically using neutral detergent, 
acetone, and ethanol. The substrate was pulled up out of boiling ethanol, it dried, and after 
UV/O- -washing, it fixed to the substrate holder of a vacuum evaporator, and the vacuum 

o 

A 

chamber was decompressed below to 1x10 Pa. 

[0337]First, poly (thiophene 2,5-diyl) was vapor-deposited in thickness of 20 nm with the 
evaporation rate of about 0.1nrn/sec, and it was considered as the first hole-injection 
transporting bed. 

[0338]Subsequently, after returning the vacuum chamber under the atmosphere and 

decompressing a vacuum chamber below to 1x10 ^Pa again, the compound of Example 1 
was vapor-deposited in thickness of about 35 nm with the evaporation rate of 0.1- 
0.2nm/sec, and it was considered as the second hole-injection transporting bed. 
[0339]With the reduced pressure state maintained, vapor codeposition of the tris(8- 
quinolinolato) aluminum was carried out with the almost same evaporation rate (0.1-0.2nm/ 
(sec)) as said second hole-injection transported material and an electron injection 
transported material, and it formed in a thickness of about 40 nm by making a mixed layer 
into a luminous layer. 

[0340]With the reduced pressure state maintained, said electron injection transported 
material was vapor-deposited in thickness of about 30 nm with the evaporation rate of 0.1- 
0.2nm/sec, and it was considered as the electron injection transporting bed. 
[0341]MgAg (weight ratio 10:1) was vapor-deposited in thickness of about 200 nm with the 
evaporation rate of 0.2nm/sec, it was considered as the negative pole, with the reduced 
pressure state maintained, and the EL element was obtained. 

[0342]Direct current voltage was impressed to this EL element, and the continuation drive 

was carried out by the constant current density of bottom of drying atmosphere 10 mA/cm . 
In early stages, luminescence of the yellowish green (luminescence maximum wavelength 

lambdamax = 500 nm) of 6.1V and 350-cd[/m ] 2 was checked. The half line of luminosity 
was 3000 hours and the rise of driver voltage in the meantime was 5.0V. 
[0343]ln <Example 29> example 28, the thickness of the mixed layer was 10 nm, and also 
the EL element was obtained similarly, and the characteristic was evaluated similarly. In 
early stages, the result checked luminescence of the yellowish green (luminescence 

maximum wavelength lambdamax = 500 nm) of 6.2V and 360 cd/m 2 . The half line of 
luminosity was 2100 hours and the rise of driver voltage in the meantime was 3.3V. 
[0344]ln <Example 30> example 28, the compound of Example 4 was used instead of the 
compound of Example 1 used for the second hole-injection transporting bed and the mixed 
layer (luminous layer), and also the EL element was obtained similarly. When the 
characteristic was investigated like [ EL element / this ] Example 28, the result good [ more 
than equivalent ] was indicated to be Example 28. 



http://www4.ipdl.mpitgo^ 4/1/2008 



JP,08-048656,A [DETAILED DESCRIPTION] 



Page 104 of 104 



[0345]ln the above-mentioned Examples 9-30, when various EL elements were obtained 
similarly, using similarly one or more sorts of the compound of illustrated this invention 
besides the compound of above-mentioned this invention and the characteristic was 
evaluated similarly, the same result was shown according to the composition of an element. 

[0346] 

[Effect of the lnvention]The compound of this invention has the melting point and a high 
glass transition temperature, the thin film formed by the vacuum evaporation is transparent, 
and beyond a room temperature forms a stable amorphous state, and it shows smooth and 
good membraneous quality. Therefore, it can thin-film-ize by itself, without using binder 
resin. 

[0347]ln the compound for organic EL devices containing the above-mentioned compound, 
an organic compound layer and since preferably uses for a hole-injection transporting bed 
especially, uniform uniform surface light is possible, high-intensity is obtained by being 
stabilized over a long time, and the organic EL device of this invention is excellent in 
endurance and reliability. 

[0348]ln the organic EL device of this invention which used the compound of this invention 
for one layer by having made the hole-injection transporting bed two-layer, and used the 
polythiophene for other one layer especially, driver voltage and its rise can be suppressed 
low, there is no generating of a dark spot over a long time, and stable luminescence can be 
maintained. 

[0349]Since the organic EL device of this invention has taken the element structure by 
which the difference of Ip was optimized, early brightness lowering is controlled and a 
luminescence life is prolonged. 

[0350]ln what doped rubrene, while early luminosity becomes high, a luminescence life is 
prolonged. 

[0351 ]A luminescence life is prolonged by what made the luminous layer the mixed layer of 
the compound of this invention, and the compound which has an electron injection 
transportation function. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 
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(7) 



t$Bfl¥8-4 8 6 5 6 
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r2 0^ j en ; fn0^fc^l-4CO^T^^»o Ris 

sfccktfr 6&, ^n^no^/cti i -4cossr^ 

3o ] 

[11^3 0] fjfBr5, r6> r 1 5, r 16, r 
18^«kffr2 0^ ^n-^n 0T?&SW#JS 2 9 io 
■ E LJR?fflft&tt« 

ui&i 3 i ] wjrjs 1-30^ ^-rn^o w« e l 
< tfe 1 e im? 0 

C»*3S 3 2 ] huEW « E L jR^BHfc**©** < 

^ii*a3 i©»aEL*f. 

3 2^IE L^ 0 

3 5 ] jftfBWflS E L JR^ fflft*»<©'>tt < £ 

*F-r^-*«iaui3 1~3 4oi^-rn^o*«E lis 

[»««3 6] «flB»J1fitt»«^;l/7UVT»»*«l* 
3B3 5C0^iE LIR^o 

[W«3S 3 7 ] tuIB^a E L jR^flHfc**©** < fc 30 
fc l«W±*^*t"««^]E?LttA(ft2Wi' , e*0. CO 
iE7LftAtftiHStSI^Jli:^*'rsi»*^3 1-3 6<Q 

[ss*«3 8] mEiETLaxttaui^eiAoiift^ 2 

[M3R4( 3 9 ] mlIBiE?LaA»aiMO'>^ <tfcll 
tf*«Jf-*7x^tt5i*«3 8©W«E Lit 

3 9 <oh "-fnfrcomm e l jr^ g 40 
4 1 ] e l jR?fflftft*oy>ft < t 

w*&\mmwm*mr t o-r * x t# x v > * /i/ 

I pOg^O. 2 5eW±T***IM&a3 U 35£ft: 
«3 6^iE L«^ 0 

[000 1]. so 
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MiWB© *?fcisi-rso 

[0 0 0 2] 

[0003] -75\ ^fh77'j-/k>*7^y^i[: 

ftfc LTWIB¥ 2-2 7 7 0 7 1 ^iMRJCHjSSftT^ 
#«E LjR?^^fcLT©JSifcttfa&^*;S 

[0004] ^aELim ^^ttwaft 

mm LTSBtS-SSIR^TftSo 

[0 0 0 5] CCOW^E L 1 0V WT© 
ffiWET* 1 0 0-100 0 0 0cd/m 2 gScOiSWSOS 

[0 0 0 6] L^L**6, W«E LJR^OHUjiSJi, 

[0 0 0 7]® #«ffc«toO«WI«ia:gft 
c U *?o««rttA*lo*ft, &*§<Kiaoj^@ 
ifeilffilfOWIB^S^ficO, Mtt#»L<ffiT 

[o o o 8] © MHStoBWfc • MM 

(m^oriA^^^^-r^/c^tc^^c^, ttfHa<D 

-r**:*, «ao*jM^iBco, ^-^x^7h^ 
l^-t^o ) 

[0 0 09]® *«»wfi<, «M^^Lk 



(8) 



8-4 8 6 5 6 
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[o o i o] © ffWbj^flottfl&ncfi: • mmfb 
^w^fb 

»BBW 63-295695 (»iC*HW 
fffS4 7 2 0 4 3 2*§HJ!8«) te|JB*<**rC^*o *ft 

wtcti, ±.aawinwa 6 3-29569 5#£$goiifiS0u 
1 , 1 ofccfctf 1 1 ks^t, <<vwi± • aitfbMtt 

(PC- 10) (3 5nnu &£W*3 7. 5nm),* — 
/MKBSffll." T -tfX (4 p - h ^ 
x~;U) v'^U'V^V (ATA— 1 ) (35nm, 
^ti3 7. 5nm) , »«ffl*«fct/«?aA«>HSfflr;l/^ 
n^Lh'JX^y (CO-1) (6 Onm) , 20 
Mg-Ag^V-F (2 0 0nm) 7»«SftfeS«E L 

T'5 0 0WBMB»SH4-fe»&, 5mA/cm 2 Tte. WW&t} 
0 8raW/cra 2 ^JE>0. ' 0 5 mW/cm 2 (ffiT* 3 7 . 5 
%) JC, &fc2 OraA/Wm, 0. 4 5 mW/cra 2 £ 0 . 
0 6 6 mW/cm 2 ({£T^ 8 6. 7 %) tC, Jfc40 mA/cra 2 
T'te, 1 . 15 mW/cm 2 ^6 < 0 . 1 mW/cm 2 (<KT*> 9 
1. 3%) tcfSTLTU^o ^^(c^OIE7Lfij^tt^# 
«H«7^>i:LT^8S0IJl 2*5cfctfl 3T\ N, N. 
N ' , N* -fh7-p-hU;l/-4, 4* -i/T^S 30 
tf^x— ;U (A T A — 7 ) , fc^fctfN, N, N' , N' 
-7h77x-;b-4, 4' -y7^/t:7x-/l/ (A 
TA-8) (3 7. 5 nm) WIWSS tlTl^S *^ W«« 

62. 5%feD, aiti6 0%fSTlW-5o 
[0 0 1 2] h'J7U-;l/7^y (ATA- 

1) i:fb77'J-;l/7^> (AT A- 7) £Offl^t) 

l t «: s k * tmm is^Mc im l t « &r , w tc ^ 
[0013] c<oft**ffi/3fiT**ft-rsB«"e, * 

I»ffS5 0 6 1 5 6 9fffiif, *5V^»B¥5- 
2 3 4 6 8 1 Affile, f« ^^tR^tlfciE?L»3Mtt7?S 
S£l57.^Wfv^ntl^ 0 »fl=Wfcti, 
fe200SE7^>^§^ ^E7^y©I« 

Lfcjswatoa^^ft < t *> 2 so 
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[0014] cmt ±§ewffl»> »*i^i±iB»«t 
a» mc ?nti/^ jE?L«iasi43¥sas =«» 

[0015] *^i8Kita«, aMStfEo/j^i/^cfc 

(10-3 0Q/D) MTAVMTeftSfc* I TO^ 

(STM) JpJR?H2)MRtt CAFM) <Dmm^&% 
X/^*J*Jlg«T*2 Onnu E BlflfiT'4 Onm 

[0 0 16] CCDC t^&m-t&fc&b, ITOailc* 

0 a±$mmm^4 72043 2^mmm, $>z>wz 

±Mm%m 63-295695 > #U 7 U U> 

Coo i 7] s& *?ttteoiRi±*BWfcb 
t\ «tE(Daasfb^**2«JM±ffl-&Lfcia$JB*» 
»fcEL*wa^««nTif^. «*ur, whit 2 

-2 5 0 2 9 zn^maX. A*fc«fctfB4Vtt®lRl±* 
¥2-2 9 1 6 9 6 ^EllWMWtM^m't^ 

1 1 4 1 9 7^«(cti, a^tja* • a 

SBtflSXSftT^*. ^fc, 1 9 0 0 8 8 

2 1#P?3¥4-3 3 4 8 9 4#4>«»c*4, ^» 

(owafb^****!^***. a*a«ffi**-r*fb 



(9) 



%fffl¥-8-4 8 6 5 6 
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ffiH^nt^Sc »BB¥5- 1 8 2 7 6 2#»« 

JMKftTVSo #ffl¥3-2 8 90 90^ii 

Wcfi. 5WW*iE?Le»ttOW«ffc*«4:*±aift« 

^5ci:«l?nTi^o WB?4-l 7 8 
4 8 7 #a«*«fctfWBPIT 5- 7 8 6 5 5 ^fEtCte, W 

JflMRSttT^So WHHM-3 5 7 6 9 4*t4i 

lft±*B*cfc*«|E«ft-tv*o 20 

W#0«^«3b^6**iE?UtaiJii:hUX (8-*yj 

U>*F-:/Lfcfc©tf«3lS;£ftT^So tLX, jE?L 
(•aSJBteF-^LfcfeO-ett. h'JX (8-*y'J7 7 

0iMta*«MM? * 5 c k $6S S ft T 
fcft, ffiflk 3 9 [»l£fllK0I¥HffiXd 
M«^9IS|?«Sjft. 2 8p-Q-8 ( 1 9 9 2) :ft 

m, w^u^ hu-nw^ (joe 

M) 7— £ ->3 ^7*9 2^«Jfc, 3 1 (19 9 2) ] 0 
Sfc, hV7*~/lriST*>mmte (TPD) OIETLffi 
iSMI^I/^UVftF-^Lfefe^aiK^ftTfeD. ff 

mm, &m, mm, ms ^m^m^m^wmm^ 
mm^mm, 29 P -zc-7 (1993)]. 

[0 0 19] £fc, nmW-2-2 0 7 4 8 8 

^64**»t^»iW*Wtfcfe03WiJK«ftr* 

JWEHSftTV^S. 
[0 0 2 0] LfrU Cft£Ol^"ft<DE LSH^Cfc^ 

lr\i 50 
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[0 0 21] 

"fc, iSi«j«^*5XlB»a«**LTj|»W1Sfc:«ft, 

+$ttns&ft, s^ot, 

[0 0 2 2] C©W«E L*m?Hbd»*ffl^ 

[0 0 2 3] 

[■ra*Afi***fctf><o#S] c©i"54IW*i, TIE 

( 1 ) - (4 1 ) ©*«Wc<fcDjfta£ft5o 

(1) TI3fbl 6t'i^nsfh77U-;^>'7^>i 



[0 0 2 4] 
Hfcl 6] 




(Rl)r1 ^ ^ (^2)r2 

[0 0 2 5] [ft 1 6tC*5^T, R1.R2.R3 *5 J: 
CfR4 fnfn7U-;H, r;b^;US> r/Vn^ 

7U-;l/^v'S, 
^IL, Ri , R2 . R3 fe«fc0 : R4 (05W>4<^ 
1 «ttT 'Jwl/lTfeSo rU r2, r3^C/r 

4 ti, ^ft^ft 0l/*:ttl-5 0, r K-r 
2, r 3*5<fctfr 4 CQftte 1 W±CDSaT** 0 . '>*< 
kfe 1 m<DTV— ;Ug#Ri ~R4 tLT#4t5o R 

5 *5«ktfR6 ^ft^ftr^i/^vs, r;b^^v'S. 

7=/iSf:«Apy>'If*$L 1 Cft&teHI— Tt> 

(2) buERi ~~R4 (0^O2-4itf7'J-;l/8f 
cfte^ri)-;l/g<D5^<D'>3:< 2{I#N 

±E ( 1 ) <0WfiiE Lm^mit^tSo 

(3) buIHRi — R4 C0"9^O / >4< t& 1 fi<Dr'J- 
;l/S^7i-;Vit*S±E (2) OfSE LlR^fflft 

(4) TEfti 7T*3t£ft3±ie (1) - (3) ^^-r 

[0 0 2 6] 



(10) 



»BB s F8-4 8 6 5 6 



18 




[0 0 2 7] [ft 1 7lCt3\i^X, Ai „ A 2 > A 3 
i^^^T^ot^^o Rt > Rs . Rg ^cfct/R 

(Rs)r5 



7, r8. r 9*5£tfr 1 0 te^tl^Yl 0 £fc:te 1 -4 

I3£r3r6te, ^nftlOS/:^ 1 ~4<08$fcT*& 
§0 ] 

(5) MfBRi ~R4 <Dv*><D'P%<£$>lM<DTV- 

(6) TfBftl 8T^^n^±l5 (1) > (2) Sfcte 

(5) <D^mz Lm^mitGtoo 

[0 0 2 8] 

[ft 1 8] 




(Z3) 



S3 




[0 0 2 9] [ft 1 8tc&^T. ArfiN^fil^ 

to zi , z 2 ts&zfzi f*. ^n?n7;i/Wi, r 

OTfeottxkt^ fcJSU Zi , Z2 &&XfZz <D5 

*4^*ffiKH8-fr"rsry-;i/ai*a-r^ Ar, zi , 

i, s 2*3<fcr/s ^n^no^rc^ 1 — 5 toss 
r^D, sk s 2*5<fctfs 3 0ftjti 1 jw±^»ar*fe 
3 G Ro r;l/^;i/S, 7'J- ;VS, 

•To roci, ^nf no s/-c« 1 - 4 (Disr^So r 
5 fccfctfRs fnfn7;^/H, 7*;i/n^>g, 

(7) TEffcl 9-ca«n*±8B (1) - (4) o^f 

[0 0 3 0] 
Cftl 9] 



( R 13)r13 



( R u)r14 



(R 7 )r7 




(Rio)n 



<R 8 )« 



(^12)r12 



[0 0 3 1] [ft 1 9tC*5^T\ R? , Ra , R 9 
t/Riofi. fnfn7;l/^S> r/l/n+^a* 7'J- 

r7, r8, r 9 fccfctf r 1 0 (i, ^ft^ti 0 .SfcfcJ: 1 
-4OSE»T*S 0 Riu Riz, Ri3«3«fcCfRi4*4. ; £ 
tl?tlTJU*J\,m. TJVa^-i/m. 7'J-;H, 7U- 

2, r 1 3l5<fcr/r 1 4ti, f nfnOSfcti 1 -5© 
7/l/a^'>l, 75/l^^Auy>^IU C 



(11) 



nmW-S-4 8 6 5 6 
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20 



(8) iuHHr5, r6. r7. r8> r 9, r 1 0, r 
IK r 1 2, r 1 3£<kt/r 1 4 tf^n^ft 0 V&Z 
±12 (7) ©W«E LiR^fflffr&Wo 

(9) TKft2 0r*S^n^±fS CD - (4) OVvf 



(Rl3)r13 



[0 0 3 2] 

Hb2 o] 



(Ri4)ri4 



(Rit)m^ 

[0 0 3 3] [ft 2 0fC*5^T, R? . Rs . Rg 

r7, r 8, r 9 ft&Zf r 1 0 te, Ztl^tlO £tc& 1 
~4<0SI£fc-££>£ o Rik R I2 , R13 ^ocfct/RM te. ^ 

2. r 1 3*5<£t/r 1 Ate^ft^ftOS fz& 1~50§ 

r 5 te^tfRe te. fnfnr;^;H, t 7 

( R 13)r13 




(^11)f11 

[0 0 3 5] [ft2 1 M*5^T, R 7 , R 8 , R 9 
t/Riott, fnfn7;^;H, r/bn^v^ 7'J- 

r'7, r8, r 9 fc^tf r 1 0 tt. ^tl^ft 0 £ fcte 1 
-4(Dg^T$>^o Rn. Riz, R13 *5cfcD'Ri4 ti, ^ 

nfn7/^;H, 7'J- ;WS, 7'J- 

5^1*1— •CfcS^SfcOT^oTfeM r 1 K r 1 
2, r 1 3&£&r 1 4 ti^tl^ttO gfcli 1 ~~ 5 <Dg 

a-c*s 0 Rs ^cfca'Re ^nfn7;^^i, r 




(^I2)ri2 

6te, *n j Fn0Sfe*4 1-4O»»T«*. ] 

(10) SuIH r 5 , r 6 , r 7 . r 8 . r 9 . r 1 0, 

r 1 U r 1 2, r 1 3*5«fctf r 1 4^n?n0t* 
S±E (9) <D*«E L*¥fflft^tt« 

(11) TKft2 1 ■C«£ttS±IB ( 1 ) - (4) co^ 

E L*^fflfk*fto 

[0 0 3 4] 
[ft 2 1] 



(Rl4>r1 



7 = yil/c^/NDf^^U cn 

6te, ^^0^^^1-4(08^^ ] 
(12) fuHE r 5 > r 6 , r 7 . r 8 , r 9 > r 1 0, 

rlK r 1 2, r 1 3 *5<fctf r 1 4 tf^ft^ft 0 Tfe 

S±E (10 OSfiELifM^o 
(1 3) TIEft2 2T8Sft*±E (1) ~ (4) <0V> 

[0 0 3 6] 
[ft 2 2] 



50 



(12) 



*#8fl¥ 8-4 8 6 5 6 



■^^(Rio)rlO 
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(Ri4>r 



(Rtl)rlt 

[0 0 3 7] [ft 2 2(C*5l>T. R? > Rs ; Rg *3«fc 

r7, r8. r 9 lo&Zf r 1 0 ti, ^ft^tl 0 2; fete 1 
-4(OlST^So Rii, R 12 . R13 fccfctf Ru te, ^ 

f)«P]^t^^^oTUK'r 1 U rl 
2, r 1 3*5£tf r 1 4 te^tX^tiO Stzte 1 ~ 5 £>g 

(Ria)r13 



(Rll)r1 

[0 0 3 9] [ft2 3*C;fc^T, R? , Ra , Rg 

;l/S, 7U-yl/«'>l, 7 = /lt/:UADf ym^F 

r7. r8, r 9 fccfctf r 1 -tn^ftO 1 

~4cOS^Tfe^o Ru> R12 > R i3 *5<£tfRi4 ti, 

7^/I^/c^AP^yl^Iu cn 
6&l^— Tfcg&£fccDTfcoTt)<fcV\» r 1 K rl 
2, rl3^f/r 14^^01^1-5^ 

st'S^o Rs £>£tfR6 ^nfn7;i/^i, t 




(14) fijf E r 5 , r 6 > r7> r 8 , r 9 , r 1 0 , 
rlK r 1 2, r 1 3to£Zf r 1 4tf : Zft?nOT*£> 
S±BB (13) LJl^FflHffc**- 
(1 5) TISft2 3T'S£n5±fE (1) - (4) CDV> 

[0 0 3 8] 
[ft 2 3] 

(F*14)rl4 



(^io)rio 



(Re)r8 



(Rl2)r12 

(16) WBr5, r6, r 7 , r 8 , r 9 . r 1 0 . 

r 1 K r 1 2, r 1 3*5cfctf r 1 4^tlfn0t'fe 
§±12 (15) OW«E LiR^fflft**- 

(17) TEft2 4t*a5n5±E (1) ~ (4) <D^ 

fft/ro«E LfK^fflft&lfco 

[0 0 4 0] 
[ft 2 4] 



50 



(13) 



8 6 5 6 
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24 



(Rl3>rl3 




(R 5 )rS (Ra)r6 




(Rll)rn 

CO 0 4 1 ] [<b2 4 0C*5^T\ R? , Rs , Rg *5<fc 

r7, r 8, r9fe<fctfr 1 Ott, ^nftlOSfctil 
-4 08a"P*5o Rn, R 12 . Ria :fccfctfRu 04, * 

As**ri/m, C*l 
60415]— T&g££^<DT&oT&cfcV\, r 1 1, r 1 20 
2, r 1 3*5£tfr 1 4 04**1**10 1; 7c 04 1-501 

a-pfeSo Rs *5<ktfR6 04, ^nfnr/vwi, r 
6 04> tnfnosfcti i-4cosiiS"e^)So ] 

(18) fuiS r 5 , r6, r 7 , r 8 , r 9 , r 1 0, 
r 1 1 , r 1 2, r 1 3&£tf r 1 4*^n?n0T^ 
*±E (17) OWiELi^^ftc 

(1 9) TfBfb2 5T?aS*lS±E (1) > (2) , 

(5) *fctt (6) C0W«E LJtfFBHt^*. 30 

[0 0 4 2] 

Ht2 5] 



(Rl5)r1 




(Rie)r16 



[0 0 4 3] [fb2 50C*5^T, An 43«fctfAr2 40 

04, fnfn7'j-;i/i^iL, c*i£«Pi— -ctsft 

StOT'feotiJ;!/^ R 15 *o«ktfRi6 04, fnfti7 
;U^;US. 7'J-/H, 7'J-/W+i/ 

S* 7^1^MAayy^SU C*1604IrI- 
-TfcSfcSfcO-efe^TfcJ^o r 1 S&^tfr 1 6 

04, **i*no**:04 i-4oiatfe5c Ri7*<fctf 

04[p}— T?fcR*5fc<0-Cfc-3Tt>cfcl/\, r 1 7*5<i:tJ : r 
18^ **l**lOt:fc04 1 ~5 0iS7*S» Rs *5 so 




(Ri4)n4 



"(Rl2)r12 

£tfR 6 {4, ftifn7;^;l/S, r^n^^s. 

StOtfeotU^, r S&^tfr 6 04, **!**! 0 

(20) iffir5, r6, rl5, r 16, rl7*5<£ 
tfr 1 8#\ **!**! 0"e&£±fi2 (19) Ot«EL* 

(2 1 ) TfEfb2 6T*5*1S±E (1) , (2) J 
(5) £/c04 (6) 0«ELJBTfflffc«tJ. 
[0 0 4 4] 



(Ria)rie 




(Ri 5 )n 



(Rig)r13 



[0 0 4 5] [fb2 60C*5V^T, An *5<fctfAr3 
04, **i**i7*'J-;l/S£:SU c*i6«4H— Tfe»ft 
5tO-CfeoTfeJ;K R is *3£tfRzo 04, **a*nr 
;l/*;bg, r;l/3^^S, 7'J-;l/S> 7U-;l/^> 

04, **!**! O£*:04 1 -4<Oiat^5o Ris*3«fctf 
R20O4, ftifn7;^;l/i> r;l/n4^>S, 7'J-;V 
^i'g, 75/1*^^0^^*$^, 
04Ir|— t'feS*S^t^oTt«]:l\ r 1 8*5«fctf r 
19 04, ^ tif n 0 i fcti 1 - 5 <0BST** 5 0 Rs *5 
^c/Re 04, *n**i7;i/*/t>g, r;vn^->S. 
y**fc«4/Noy>«?*«L, ctie 04 bi— -efeaa 

5t,OTfcott4^o r 543cfct/r 6 04, **!**! 0 
1^1-4018^0 ] 

(22)jtufEr5, r6, r 1 5. rl8, rl9*5cfc 
XSv 2 Otf, **!**! 0-Cfc5±i2 (21) OtiE Lit 

(2 3) TI5ffc2 7Ta?*lS±BS (1) , (2) , 
(5) Sfcfc* (6) <0*T«E L^fflfb^fto* 



(14) 



WHPF8-4 8 6 5 6 
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26 



[0 0 4 6] 
[ft 2 7] 




Ar^ Ar 2 ' 



(Rl8)rl8 



( R 16)r16 



[0 0 4 7] ML2 71C43^T. An , Arz fecktf 

Ar3 ^nenru — ;m*au, cn^r^T 
(Ri7)ri7^y — . 

(Rs)r5 




15, r 1 6fc£tf r 2 0te\ ftlfnOS/cii 1— 4 
r 1 8(i, OSfcte l — 5©fi»"efc£o Rs *5<fctfR 

i-4«m ] 

(2 4)8ulHr5. r6, rl5, r 1 6> rl8*5<£ 

tfr20tf, ^-n^tio-cfc^E (23) <d*c«el* 

(2 5) TEffc2 8T?a^n«±se (1 ) > (2) . 
(5) Sfctt (6) ©««EL*?fflfbft*. 
[0 0 4 8] 
Mt 2 8] 



(Ris)r15 

Ar 4 

[0 0 4 9] UtZSK^X, Ar 4 ^Q'Ars 
t^a^SfeO^otfeJ:^ r 1 5*5<fctf r 1 6 

f tif no $fcti i -4 o8»-e*So Ri7*<ktf 

tiP— "Cta^SteO-efeoTtckV^ r 1 7*5<fct/r 

ist4, *nfnosfctti-5©i»w*o Rs a 

cfctfRe t4, ftifn7;l/^;H > Z/Lo*i/g N 

StOt?*oTtJ:^o r 5 43cfctfr 6*4, ^n^ftO 
1 -4«T^5c ] 
(2 6) tulgr 5, r6, r 1 5, r 1 6, rl7*5cfc 
tfr 1 Bi)\ ^tlfnOT^SlE (25) cO*«EL^ 

(2 7) TEft2 9?«*tl*±E (1) , (2) , 
(5) £fc«4 (6) ©««E LjR?fflffc** 0 
[0 0 5 0] 
[ft 2 9] 





^ 5^ (Rl8)r18 



(RiJr 



[0 0 51] [it 2 9fcH3^T, A r 4 43*fcCf A r e 
Tti^StOT^ot^cfc^o r 1 5*5cfctf r 2 0 

**fg, 7^yis/:^Auyyigf^i, cne> 

(4fpJ— tfcS45t<DT^oTt«l:^ r 1 8 43cfctf r 
1 9(4, fnfno$fc«il-5<OB»T*5o R5 *3 

5tOTfeottJ:^o r 5*54:tf r 614, ^tl^no 
g:fc(4 1 -4<Ofi»T*feSo ] 

(2 8)BufSr5> r6, r 1 5, r 1 8, r 19*5 «fc 

50 tfr2o^ ^nfnor**5±is (27) o^&e lx 
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(2 9) TEft3 0Ta«nS±E UK (2K 
(5) £fctt (6) C0W«E Lfc^fllfcA*. 
[0 0 5 2] 
[ffc3 0] 




[0 0 5 3] [ft 3 OtC&l^T, A r 4 , A r s & <k 0 s 

Are ti, *nfhru-/«*«i, cti6tePi--e 
S. ru-;W+^i, 7^S$MAay>i?^ 

15. r 1 6*5<fctf r 2 Ote, ^ft^fno Sfcte 1 — 4 20 
r 1 8(4, 0Sftttl-5OWTa6So Rs £>£tfR 

1 -4©iRT*5 B ] 

(3 0)i!ufSr5, r6, rl5, r 1 6, rl8*5ci; 
tfr 2 0b\ ^n?notfe5±E (29) CO^SE L* 

(3 1) ±IH (1) - (30) "<OV^'fn^O*«E LfSt^ 

t 1 j»rr**«E LJR^. 

(32) suiewa e l *^ fflf t^»<0'>fc < fc 1 1 act 
±^m : FaA»3M«t^*-r^fi:^%/o'>^< fct. ia 

ta (30 <o^Wle hm=Fo 

(33) m%m^mmmttm^%\t^t>\ hu* 

(8-*/U/^h) r/l/^-#i*Tfc£±E (32) CO 
E L Jg^ 0 40 

(34) WEH-&«*^*-rs»^a*Ji-efts±E 

(32) £/cte (33) COW^E LIR^o 

(3 5) SuIBW<SE L3R^fflft^«0^*< fcfe 11U 

■ts±e (30 - (34) <ot^-rn^<ow«E im=Fo 

(3 6) HuE^tt«?S*Vl/7 r U>T**S±E (35) <£> 
(3 7) tulBWSE LiR^ffi<fc^«i<D'>&< 
HBMii:WWii:**rr*±E (3D - (36) cotv**tt „ 
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(3 8) |(nEiE7L&AWSUi^fijaontt« 2«W±T 
#l/££n3±!B (37) OWUEL*?. 

(3 9) IWEiEftftA*iM©'>ft < fe l U * 
*7i>*«tS±E (38) tDWSELSfo 

(40) m^aA«o^Jf ^-rs±fB (37) - (39) co 

(41) mibwss e l m?mit£>fy}<D'p& < k t mw 

C LT»t«IE**-r SJiSS *: l41t?£Aifty§ 

&trr»D, tuIBIETLaAWi^a 
&^WT§Hi:ME^ffl^ ; &*r§SS/'c«li^aA 
IKJSWIBtWrsWfcO^^vfb^^^^/V I p<om 

#0. 2 5eV«±1**3±E (31) , (35) ttzit (3 
6) 0*«E LJR^o 
[0 0 5 4] 

g ^tiSf h 7 7 'J -;w>7^ iBu^tf^ 
te, 2WT*Iia«±r*tSS47 ; eyi/7 

[0 0 5 5] SEoT/W^»ffll/^C^<, 
[0 0 5 6] COJ8>Sf4, WTOCkfcfiHl/TVSfc 
[0 0 5 7]® »?«*i«LTmBuSfCLfeCko 

CD ^<OflX0t#Sa>7*-^-^3^»*^<, # 

[0 0 5 8] »^*(CN-7x^;l/SI?cOiE?Ltt 
A«i?M*ffi^^ < Ri -R4(c7x^l/MSA 

■So 

[0 0 5 9] StoT, *H^SE L^i, ft 1 6 

ti^n§fh77U-;v^7^ ysi»#*w « el* 

?fflft**kUT*«ft**Ji*C, ^c»$L<(4> IE 

Rj^-efeD. asiW3Wi»iiiifc:«orfi*bT»6n 

So iSStC^oTtS^S^ 1 0 0—10 0 0 0 Ocd/ra 

So **5. *^Ofi)8E L«?OS7tS*«l«> 3 
5 0-7 0 OnmSfi-e^So 

[0060] iWKitt-»^tt««ai5<, swasKffi 

[0 0 6 1 ] £6tC&, *»WO*«E LiR^fflfk** 
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WBC*. »*c*«W<0*«ELjR?fflffc#»*iE?LaE 

wjM^mT^iiaMi** 
a £ ^ te c <e* t m ?z m^&xmmm l<d<<*> 

Wi^fitfft** U 7G>i£Att<fc 9 fie 0 ^ < < &3cd 

[oo6 2] *»«o*iE im^mit^tm 

£\ ^ /elf SAiMtifif^lt^c 2 o 

[0 0 6 3] *RW<0*f«E L^fflffc^**^ 

tt, "*58K<D*r«E L*™ftft**jE?LttA»aMlte 

C (OS £ »f 3 VPii AtfiiMJB £ <*M * Xbtff 1 V > * 
corns e> fc*«{fr&tt#»* a ^"^ - ^te'>& < & 40 

[0 0 6 4] 

[0 0 6 5] *%Wow«e L^ffl{b^» ( r#»w 
<o{t&«u tt^^o ) fti 6t^n^f h77 
u-;i/^7^vsi# ( r<bi 6<D{t&«u fcfc^ so 
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Oo ) T*££o 

[0 0 6 6] ft 1 6tCOV^T^*r^<i:, it 1 6M*5^ 
T, Ri ~R4 ^ftfn7'J-;H, TVl/^US. 

7 , J-;l/ST'«So rl-r4li, WfnOSfelil 
-5<Dg£fcT&D, r 1 — r 4teHBS£0fc:E:SCfc«: 
«ot, r 1 + r 2 + r 3 + r 4 & 1 W±tOS» 
T'feD, fcfc lo©7y-;Htf#4tS*ft* 

Mfc-TR-Cfc*. Rs *5£tfR 6 tt, ^nfn7.;l/W 

r;i/3^>'S, 7^yis/£(±Aoy>g?*a 

L, CtlP>«|Bl-Tta«:SfeO-efeoTt>cfcl>o r5 
feJ:tfr6^ f tlf no S/iti 1 -4 OfiftT'SSo 
[0 0 6 7] Ri — R 4 VSkc£?lZ>7 } ) —)\/M£. IT 

T(i. 7;M=-;US. 7)Vn*i/m, 7'J-;H, 7U- 

[0 0 6 8] Ri — R 4 tS?ns7'J-';H^lWJ 
fcLTte. 7x-;H> (o-, m-, p-) hU;l/ 

[0 0 6 9] Ri -R4 7S?n«7;V*;VSi:LT 
i>o co»-&oB»ai:Lr«iry-;i/Sfc|si«ofco 

[0 0 7 0] Ri ~R4 T*S?n57;l/^HfcLT 
tt, p<^VS, x^;VS. (n-. i -) 7n fcfA/S. 
(n-. i -, s-. t-) ^/l/ilWGtlSo 
[0 0 7 1] R. ~R 4 Tg^n§7;l/3^>Ii:Lt 

f*W(cti^ h^->S. t-7h^>if^ 
¥tf&n5o 7;l/3^^»i$6»i:l»^nT^Tfecfc 

[0 0 7 2] Ri ~R4 T*8?n5 7'J-;l/^->ifc 
LTtt, 7iy^>l, 4-^^7x/^^ 4- 

[0 0 7 3] R. -R 4 t^ns7 = /ii:Lm 
at^T t IM^ 5 ^ tfe o 1 1, J; 

^x^7^/l, ^7ix;l/7^/l, ^hU/l/ 
7 = 71, ^h?7x-U;l/7^1, N-7xX;l/-N 
- h U ;l/7^/l, N-7x-;l/-N-t7^7 = y 
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N-7x-;l/-N-t:7x- , J;b7^yi; N-y 
x-;l/-N-r>h VJlsT^/m, N-7i^b-N- 

[0 0 7 4] Ri — R 4 T^^n^^n^Vil^^Lr 

[0 0 7 5] Ri -R 4 (DviDO'Pte^ t& imttTV 
-;l/3T*&3tf, IftCRi -R 4 £LT 15^*^7 U 

C0^^c0 2~4ffl7bMi^±OSiST^^c:h^^L 10 

U <£9W£L<te r 1 — r 4 1 t? 

£>D. rl-r4*lT?t9, ^SnSRi - 

R 4 ^T^7U-;HT^5C^/)^^ll/\ 

#?*ORi -R 4 ^I«lLT^TtJ;t/Mi(?) 

2-4 i(D7U — ;l/g^^^^>^>-tr>^^ 4 fSO'S 

W(c2-4{icoru-;i/S^^n^n^^^>^>'-tf 

;l/SfcLT«/>J5:< fcfe lffl^7x-;l/lT**Si:i:^ 
o T N H^tcft L 4 - £ fcii 3 - tT 7 x - U 

(1-, 2-) -fy^Ji/m, (1-, 2-, 9-) r> 30 

£##£L<* 7 x^;l/Itt>t07 U -^StSt N<0 

*s^{5s k tt l / ^ ^ fc & ^ * fit tc § c t 

cn^07U-;Ht7x-;HtgSLt^ 

[0 0 7 6] ft 1 6M*5(,>T. R 5 , R 6 Z*m~£tlZT 
TttRi -R4 O^C5T*^Wc^c0i:|p!fi|c7)t^^ 
[0 0 7 7] r 5, r6te, 0 V&Z C 40 

[0 0 7 8] W\ r l-r4^2t(±Oi»Oi:t, 
&Ri -R4 l^±te#4E— T'&BfcSfcO^&oTfc 
cU\, r5 s r 6^2J^±©fia<Ofct. Rs PI 

±, Re IrI±«|3|— T^a^StO-efeoTfecfcl/^o 

[007 9] ft 1 6 0ffc^<Q3:^T^ ft 1 7£fc« 

TKWtSi:, ffcl 7tC*5^T, A. -A 4 te, ^n^' 
nNOSS^fflB^LT/^ffi (4ffi) $ so 
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(3(4) t3B^tS7x-;H*SU Cft6tel6]-T* 

xittRi ~R4 t« sn« 7 »J k C 5 ft 
B*»i:n«OfeO***fSc:fc*t?**o R7-R.0 
te^n^n t^i^/ps, rn^+s/s* ru-^s, r 

U— 7^/I^ftfiApyyJi^gU 

mwmtx^xmt 1 6OR1 ~r 4 otiiiWftt 

[0 0 8 0] r7-r 
MT^^ r 7— r 1 OliOTiSCkWSLK 

[0 0 8 1 ] ffcl 7tC*5^T, Rs , Re , r 5 

fcckl/r 6&{fc 1 6<Dfc<D£l^«n?&0. r5 = r6 = 

[0 0 8 2] &*>\ ft 1 7lC*>^T, r7-r,10^ 

[0 0 8 3] Ri:, ffc 1 B^^^rmm't^t, it 1 8 

tC*5^T> A r^NO*S^fftHO/^^fiS/£:«^^{C[fC 
IS^f ZTV-frSZ&to 7'J-/HkLT^ ffcl 
6(ORi ~R 4 ta$ns7U- ;l/g^£C3T^Ji^L 

Tvrfc<k<, cio«fc9 35:«*ai:Lr«Ri -r 4 o 

WfcteRi -R 4 vm2ftZ>T*S£<0%;frfriZ>miR? 
Scfc^rtSo Zi . Z2 fc^tfZatiu fti?n7 

7^7iift^/Nayy^gL N cn&**ra- 
«fbi 6<ori — R4 ©^c^^^fftto^iRiatofe 

OWSCh^fSo TcfcL, Zi , Z2 *5*tfZ 

3 o^%<0 / >*< fct> ifB«Nc03jS-&fiB^0^^ffitfc 

O^V-tf VSStO 2-3 f@^}V^fu£ fttipt ZtfLlCZtl? 
ft \m<DTV ZCtWft&^o tot, 
Zi -Z2 0-5^0 lffl*ft«2fH^C ■5 30:7' »J - 
;l/it'*5i:k^»SL^o 7'J-^lklt^ (1 
-. 2-) ^7^;1/S> (1-. 2-, 9-) T>bV 
Jim, v?U-Jl<m, 3P*-;H*t)» 

[0084] £?c, zj — z 3 i?a*ns±iS7'y— ;l/ 
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Ri -R 4 T'g^nS/^/IA^a^tSilt^tf 
CtlStenfiMcOteftSC fcti*<, ^-tDftti l 

w±ofiST'*s 0 s i-s3tt, *nfnos/t«ii 

■p*«Ci#»SK, $e>tc«s 1-s 3<DlfI£fc • 
L<, C<om^s 1 — s 3# 1 T*&Z>£ZK^%n%>Z 

£LV\> 10 
[0 0 8 5] ft 1 8*C*V^T, sl-s3^2« 

±OlMtf, £Zi -Z 3 IrI±«S^ISI— Tfea^c 
S^-eS^TW^o £/c> ftl 8<DRo tS&ZSr 0 
ttftl 70R 7 fccktf r 7 fc**IW?*!), ft 1 8C0 
R 5 , Re , r S&cfctfr 6 teft 1 1 <D$><Dt&*W\m. 

[0 0 8 6] ft 1 7©{fc*»<Dft*P"Cfc, ftl 9-ft2 

4-casftsffc*«w»an/^ fti 9Ht2 4©s^ 

^TtJ:^. Ctt5<DR{*0lJ£ LTteRi -R4 Ofc 

[0 0 8 7] rl 1-r 1 4«hfnOSfcW: 1-5 
OBSTfeO, r 1 1-r 14tiJtl9Ht2 4©^ 

[0 0 8 8] fcfc, r 1 1 - r 1 4#*4r 2tt±OfflR 
T*S5i:#, SR11 -Ru [n)±ti|pl— tti&StOT 

[0 0 8 9] ft 1 9-ft2 4 0£^C*5^T, R 5 -R 30 
10 *5<fctf r 5— r 1 0&, ^n^nft I 7CQ£<£>£(r]^ 

[0 0 9 0] -77. ftl 8 0ft^O&frT*<Mt2 5- 
ft 3 OTa^nSft^^jff^LV^c ft 2 5 -ft 3 OO 
S^lC^SftSA r i -Are IZZtlZtlT V—fr^Z 
SUft2 5<DAn A rz % ft 2 6C0A n £ A r 
3 , ft270Ari ^Arzi:Ar3 , ft280Ar 4 
tArs , ft29<DAr 4 £Are , ft30cOAr 4 ^ 
Ars £Are ^n^tlR— TfeM^S $><DT*& 

otickK ru-;i/Sofl^wJt LT^ft 1 6<£>Ri 40 

-R 4 t0tC5c0tc0fc|e|«Ofe<0^tf§ci:^T* 

[0 0 9 1 ] ft 2 5 -ft 3 O^Ris , f t 2 5 , f t 2 7 , 
ft 2 8. ft 3 0 (OR t6 , ft2 6, ft 2 7 , f t 2 9 , ft 3 

ft2 5, ft2 86OR15 Rie , it 2 6. ft 2 
9ORi 5 <tR20, ft27, ft3 OORis £R\$ tRzo £ 

Oaf*fi3Jt LTteft 1 6<DRi -R 4 ©tC5T'Pf/c so 
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[0 0 9 2] ft 2 5 -ft 3 OCO r 1 5, ft 2 5, ft 2 
7, ft 28, f 1 3 0 <0 r 1 6, ft 26, ft 27, ft 2 
9, ft 3 0<O r 2 0f£, OSfcti l-4©i»T*S 
r 1 5, r 1 6, r 2 0(iO^§C^WIL 

[0093] ft 25, ft28CORn, ft 25 —ft 3 0 0 
Ris, ft 2 6, ft 2 9 OR 19 te, fn?n7;b+;l/S, 

WSWSl, ft 2 5, ft 2 8 0R.7 <tRis, ft 2 

6, ft 2" 9cDRis fcRio ktA^tt^nm— T?fc»ft*fc 

OT^ottJ;t\ cnP»OS#Mfc LTttft 1 60R 

1 -R4 oi:<i*^Wfetoi:lRl«ofeo***f*c 

[0094] ft 25, f 1 2 8 <D r 1 7, ft 25 -ft 30 
(Dr 18, ft 2 6, ft 2 9 CO r 1 9 «\ OS/cte 1 - 5 
©887*5/)^ r 1 7, r 1 8, r. 1 9liOTfeSC 

[0 0 9 5] £*5, ft 2 5— ft 3 0tC*5l^T, rl5, 
r 1 6, r 2 0#2W±©»R-C*S4:«N R is Pldr, 
Ri6ls]±, R»W±*±»^BI— Tfe*«:*tOTftoT 
fcj;<, r 1 7, r 1 8, r 1 9^2«±08RT*ftS 

tt, Ri 7 p±, r i8 |p]±, R19 m±iz&*m— ?$>m 

[0 0 9 6] ft 2 5-ft3 0CQ£^C*5^T, R 5 , R 
6, r 5fe^tfr 6«ft 1 6CDfcOfc|S|»r**0, r5 

[0 0 9 7] WTfc, ft 1 6 Oft-&*0*ft:«l*St" 

* v *«wttcntcHS«nsfeoT«air^o ft 

3 1, ft 3 7, ft 4 2, ft 4 7, f t 5 3 , ft 5 8, ft 6 

4 , f t 7 0 , f 1 7 8 , f 1 8 4 , ft 9 0 , ft 9 5 fciHtoS 

0 , ft 32-36, ft 38-4 1, ft 43-46, 
ft4 8-5 2, ft5 4-5 7, ft5 9 — 6 3, ft65 — 
69, ft 7 1—77, ft 79 — 83, ft 85 — 89, ft 
9 1- 94, ft 96— 1 OOfCR 1 &(DtfR£*£VM e #ffl 
^LTI/^o CO^fC&^T, An -Are 

[0 0 9 8] 
[ft3l] 
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[0 17 3] *5WJ<0ffc*»«; 1 i0^ffl^Tfc2l 
[0 17 4] *ftWOW«E L*F«±, fc«> 1JI 

4. ss^jbs, a^a amijMjs 6 , ma 7 

So 

[0 17 5] IE?L (*— /W *S£Zf& s ?<D& 
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fb£-fc>\ «^J»*«r*#f So E?LaA»i3SJi*5«ktf« 
^±A«fcMJlte. »^fcffl^*fb^©IE?LiiA, IE 

tc, Jg^a^iE^ttAlftai/iS^Cifll^ffiAlftjIiJg** 
TLffi AHK&JI& «fe «T tt Aitawov ^-rn t Stt & < 

Tcfc^o t/c, iE?LaA^5M^^^a'm^aA»3Mii 

[0 17 6] ^7tJI<DJ¥£> IE?LaA»55SJ10jP**5J: 

T/w^aAiftaiwoaE^ttWfcis^^n^ TFM^Sfc 

•totfeSftS^ »*, 5- 1 0 0 Onnrfig, ¥ftC 1 
0-2 OOnmttSCfc^U^o 

[0177] jEK&Ammm<Dmz&&Tjm*&xmm 
<ojs£hP«£fcL<tei/i o—i o«aKfc-rntf 

cfc^c «^Ffc L<fc*IE7L<D, *4r©jiAJifca33aB*# 
ttSW^i. iSAJBte 1 nm«±, tftjiUi»2 0nmJM±£ 
t50tfBSLV\ COh^co£A/l> $afcM/I<OJP£c0 
±H«4, 1 0 OnmSfi, HKJIJi"? 1 0 0 

^ 2 illS t f S 1 1 fc 151 U S o 

[0178] src, ffl^^^-^s^^JB^^aAiftSS 
ii^iE?LaA8ijiM®co^^ u T&mm^** u rggg 

««-^««*asjcH»-r*cfc*<pifi6-e*t), « 

[0 17 9] *«WO<fc^**i, JSttJl. IE?Li$AfSjM 
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l/\> 

[0 18 0] *«WOffc^**iE?UiA«i3Milfcffli/^. 

S«8^«{t-&«I, «U*tf. WIMW6 3-295695 10 
^fg, »BB¥ 2-1916 9 4 *f4i«, WBIHF3 - 7 

Lfet) LTfc <£l/\, 

[0 18 2] IE7LaA*ftaiS%IE?LftAShIE?L»ft^S 

ticWTRits^ii, lE^mxmmmmwt^m 20 
s 0 cott na (i to^ «^6-<*>fb#T-v 

^®^2^1^±iS0t^<tt^Pl«T ? ^^o COJ;5^ 

1-1 OnnflSOW^Mfc, J^— ^OtfV^~;l/7»J- 30 

->*;l/tf/h£<, pj«»Jc»iR*toj;5 4{b***ffl 
v*Tt>. RJtftOftBKfb^fWRiRfc^SJftapOfiT* 

[0 18 3] *SMBOfbdW*S*#fc-r*iE?LttAlt 

»$K, »«ttOA»ftiE?LttAJitL<«I(l-jE?L 

(ftiM/it LT«ltl.c hte^*>fb#^y^;WD^ 40 

[0 18 4] *«ffll:ffii/>5c i: W$ Li^'Jf ^-7 
xytim ft 1 0 3T^^tlS«>i*ffl^:WrSfi 
CWT, ra^ftAj 4:fei/>-5o ) , fbl 0 3T*/T 

5ti*«ut#«[fcfbi 0 iT-miznzmmmGLt&m? 

fbl 0 5TS^n5l^* (CTF, Tfi^cj ) 7b>6 
[0 18 5] 

[fb 1 0 3 ] so 
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[0 18 8] l^ftAtCO^TRWtSo 
Afifbl 0 3©«iMMtt**U «*tffb 1 0 

[0 18 9] 
[fbl 0 6] 




[0 1 9 6] fb 1 0 3, fb 1 0 6ico^Tf5-rt, r 31 

[0 19 1] R31 fcJ;tfR3zTS£ft£55&R«<bzk3R 
S, 7 = /l, i/7yi?^)Wf)n5o 3?SSlKfb7jc 

t\%><> 

[0 19 2] R31 fccfctf R32 TS2tt*ffiJ»JSBHb7j<* 
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[0 19 3] R31 , R32 £LTte> TklSDi^ 55#fi 

[0194] m*i,c&tfzm&{*k<D¥-&m&m (fti 

0 6 com) ti4 — 1 0 0, W£ L<te5-4 0, ^6fC 
L<te5-2 Ot'ftSo CO%&, ft 1 0 3Tvt? 

T'&oTts fti 0 3M*5V>TR3i i:R32<Offl^I 

[0 1 9 5] Sfc, ■*JCl3^*«'&»A«)»«¥J9» 
^»Ci3 0 0-10 0 0 QgflrCfcSo 



[0 19 6] B${*A<D£ttS (ft 1 
X 2 ) Ji, tKjRJH?, fflJR, ft*. 3 

[0 19 7] fi^f£Ateft 1 o 

■pMJMcttftfSLv* io 

[0 19 8] S^ttAOJI^J^ft 1 
0 7 fCfift 1 0 3ft^Ut 1 0 6 OR 

[0 19 9] 
[fti 0 7] 



0 6OX1 fccfctf 

0 7 tCiSf o ft 1 
31 , R32 





Ra. 






A- 1 


H 


H 




A — 2 


H 


Ph 




A-3 


Ph 


H 


(**#»;^-) 


A-4 


Ph 


Ph 


(*^# 


A-5 


H 


CH» 




A-6 


H 


"fc — C« H« 





[0 2 0 0] ^tC, ttl^ftBlCO^TKWtSo »S 
*»Bttft 1 0 3Q«jg*fi[fcft'l 0 4<0«Jt*ffik* 

[0 2 0 1 ] 

[fti 0 8] 




[0 2 0 2] ft 1 0 3{COl/>r^fi^A(D^O^{p]> 
"CfeSo ffiot, ft 1 0 8^<DR 3l . R 32 lift 1 0 3<0 

to* wire**. 

[0 2 0 3] Sfcffcl 0 4K^TfE-f Rw^cktf 

[0204] r 33 , R34 r*a^ns3?s«K{t7K*a> 

BBKJKKft7lc3l5»O«*0lJ v i. ft 1 0 3 OR 31 , R32 <D 

£0 £7c, R33. R34 cO»^ Ll/>t,cD^R3i . R32 hfp] 
^T'^^o S&fc, R33 t R34 fcteS^teJB^LTSBS: 

R34 to^ri*, ft 1 0 8ic&^r*>mmv&z>o 

[0 2 0 5] * + fcfe^Stt««f*B(D¥iS*«a (ft 



1 0 8(C*5tf3 v+w) te, a-&#Afcra«*C, 4-1 
00, »SL<tt5-40, S6K»SL<l45-20 

■e*So *ft, fti 0 3£o«jt#fuhft 1 0 4<Dffimm 

VLtVtkmit* ft 1 0 3 (D*5g#ffi/ft 1 0 4 o^3t^ 
fu£\ *7WtT 1 0/1-1/1 0§ST$5. 
30 [0 2 0 6] i^lCfcttSRI^BOHfWl 
te3 0 0- 1 0 0 0 0iST$5 o 

[0 2 0 7] ttS-&f*B<D*iSS (ft 1 0 8tc*5 

frtSXi *5«fctfX2 ) Cia-&i*AfclRl«Ofe<D-C*0, 

[0 2 0 8] ft ft, ft«^*B«. «-&»AfcRI«*C. 

fti 0 3(ommmmtit\ o 4 4: -e*«sn 

5Cfctf»$U^, 1 0^671/ %ttTT*tltfttO*y 

wfnT-^tt*<, fti O8©«ifis«:e<0«fc? 
ft«ia*a^-rstco-e*So S6«c* fti 03, fti 

0 4o«Ba*tftn±r4, ^-n^nra-Tft^Tfeaft* 

[0 2 0 9] «I^»BOWt«*fk 1 0 9*CSW. ft 

1 0 9*C«4ft 1 0 3OR31 . R32 ft 1 0 4 CO 
R33, Rs4 <Dffi£"£\ -Tft^b^ft 1 0 8OR31 . R32, 
R33. R34 (Om^X^LX^^a 

[0 2 10] 
so [ft 10 9] 
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R« 


R,. 


R a < 


B — 1 


H 


H 


H 


H 


B-2 


H 


CH S 


H 


H 


B-3 


H 


Ph 


H 


H 


B-4 


H 


Ph 


Ph 


Ph 



[0 2 11] ft 1 0 5 0I«»CI£OWTKIH 

•r^o fti o stco^TfEf^ R33 *5£t/R34 «ft 1 
[0212] Xi fccktfxz & % ztx^nm— 

[0 2 13] ntiWiM^Sl, Jl 
A, ftlpft B £ |pJtfitC 4 — 1 0 0, W£L<te5~4 
0, £P>(C#g L<te5 — 2 0T'*3o COif^ R33 

Tt, R33 £Rm (nt'UV 

[0 2 14] $fc, «(pfc*»«»*ftCO««¥l^# 
^«*4 3"0 0-10 00 0*lJgT*&&o 



[0 2 15] &*5s 
[0 2 16] g^#CC9S#0J£ft 1 1 0s ftl 1 lfC 

*vr 0 fti 1 o^ft 1 0 stmtv&o. fti 1 1 fret* 

ftl 10£>R33, R 3 4^I^T^LTl^o 
[0 2 17] 
[ftl 1 0] 

. R 34 




[0 2 18] 
[ft 1 1 1 ] 



m £ # 




R»4 




c- 1 


H 


H 




C-2 


H 


Ph 




C-3 


Ph 


Ph 




C-4 


H 




^- ) 


C-5 


CH, 


CHa 




C-6 


H 


CH, 





[0 2 19] *»Jft7x>tlt, ±1E 

[0 2 2 0] *'Jf^7xy(i \ m<Dfr*m^Tt>2M 

[022 1 ] ^eHWcfflv^^y^^xvoBuStia 

[0 2 2 2] ±f£<73£otC, **W<Oft***jETLaX 
TfclU 0J;Uf, 4$MBS6 3-2 6 4 6 9 2#£«fcKJ^ 



$rs>x>\ 7yh7^X ^'JUy, aa*y y 1 2- 
«{**3!S»-rs*\ >^-*fc#JftS 

50 rzt><DT~2b^Tt>£<. C^^it&^h'JX (8- 
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[0224] m?&\ffimmztw?izx®tm?mx6® 
jitco^r nw?i£Affi&mz 2 mu±.mfz> t z t n 

[0 2 2 5] *«ft^ft»*i:«, -MSS^x 
[0 2 2 6] cOck5ft*x>*-*-*:L-0;i:, Hofu 

o\, CQ£?ft^xv^*-<o#W»;iu *»w©ft# 

[0 2 2 7] *»Wr«4, ;]/7U>**aMb**«JC F 
[0 2 2 8] F-^4W«ft^»*^«^ft^TJ:<, 

) > fcb<H:*PffiAltaa (IE7LiiAii3tJf 
oTIi, iE7LaA«iaiiB^«$/c:«iE7LffiA«5SJBO, 

[0229] )]/-7i/y<DY— W7mm.it. j\s7i>ytf 

#$L<, £6tcte0. 1 — 3 0wt% , 1#tc«0. 1- 
2 0wt% fct«CtWSU\ 

[0 2 3 0] *a^T*«, ;l/^U><0«*\ ffecom^tt 

[023 i] $rc, *»wrti, *«H*>{M*%** 
[0232] ^(c, *jzw<D<t&m<iEiL8Lxmmmife 
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*wrs{t^»T«aci:^6. «?aA»a«ffi** 
[0233] s&u:, ri^n^^r, iEJLfcjctrti^ 

[0 2 3 4] ft^t> «*C, *yf*7iy*ffl^ft 

aa«wiu c (DmuiKmmmhm^mxmmm t 

[0 2 3 5] C(0»&OB^Jt«, *+'J7»»*lcJ; 
*»WOft^»3b'JB-&Ji*(*J£:«L3 0-7. Owt 

20 %, ? 5tcti4 o~6 owt% , mats owt% mm m 
^x, a#*aswoft;*ft/« : rttA*a«iifi**'r« 

ffr&^OMStktf, 3 0/7 0-7 0/3 0, ££tcte 
4 0/6 0-6 0/4 0, WuttS 0/5 OgJg) fcft 

[0 2 3 6] Sfc,. tf^JB-JBfcfflS 

£L<, SftWfCti 1-8 5nm^-TSCi:^»SL<, 
££>tCte 5 — 6 Onnu *KHcte5- 5 0 x\m£~?%> C ttfiltf 

so .[0 2 3 7] Sfc, il-&«OJB«^}£kLT«. ^ft£ 

cmMtf-Fftvm&mtT&t. mm-tzct&xz 

[0 2 3 8] ft*5, SB»W»©*«ft«* 

[0 2 3 9] *«WOft&*«»* b< (iJETLiiAttji 

SCtWSK, «fK0. 2 5-0. 4 0eVT?**C 
[0 2 4 0] ±IBco^;ty{fctf7-V^-WU I p®i«, 
so TftoT, *o^Ii:Ltta^I^^i:t, 
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[0 2 4 1 ] **3. *mi<D{k&1h<D<<*>'{t#T > Si/ 
■V/l/I p^«S*fffl«5. 0—5. 4eVSfiT : ^^o 

[o 2 4 2] ±Eo-f*yft*'rys/+7i/ 1 a 
is. ssgtf, ^ffl> m?ttm, 123 ( 1 9 8 5) oiesc 

lcffl^ffix^;^-f^Si TM o d e 1 AC- 
1J (SffltttBH) *fl§t\ 1 0-2 0 OnmiPCOmJlO 

[0 2 4 3] ±K©«x*;l/:F-m?5Mfc*Bt4, 02 
[0 2 4 4] H2fcjj*-r«fc5fc:, »t£SB 1 0*4. JRJ* 

^yyi u ty^D^-^ i 2, «as§i 3, f£x 
^^-l^ltftgBl 4, fMPSEgi 5. M»Sf« 
HI 6fcJ:(fX-YXf-'>'l 7lCcfcO«/£<*ft, X- 
YXf--s;±*c*>y;l/S*«BLr«!l£*tT'5t<0-e 

2 0 0-3 6 0 nm<DffiR£>iRgtC#ft U IfV^V S S 
ffifclfiRtt-rSo 2 0 0-3 6 0nm<Dttt4, E = hv = h 
(c/A) (E:x*;l/*- f h : 7^ v: 
WAR. A :&S) ©a*ffl^ti*;^-tJWIt« 

&^6. 2 — 3. 4eV^ft^>o COft%igx^/b 

3fc£rj{6x*rt/^-m?ft»SH l 4 fcffl^TfHS 
MIEft£<DSW*bfc1& H3fc^-rcfc-5ftKlfix^;l/ 

• ^thm^a^tt i e 

[0 2 4 6] S^ttiC^-r^^tC, clOftt^ftlil* 
(Count Per Second : CPS) tigx^;^- (eV)0Hfl£ 
14, KEtt^JtH^jSSta^nS (CPS) " i:U it* 
%Bfix^7l/^-k-rSk, lI^TitCi:^t 
3 Q CCT% n(Offi(4ji« 1 /2%gffllW5o 40 

[0 2 4 7] ft&frJSlSg 1 5t4, ^e/^n^-^ 1 2 

[0 2 4 8] ftoT, *»WT«4, H3^6»6tl*)t 

[0 2 4 9] ft&\ #«i«©{t&to*«€rJifc. ££fc 

(M5 0wt% w±©**» fc-rsfcfr 
*4, *«M<0ft^»O*JiM^6»6ftfc>r*>'fb*f L so 
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tt«^ a 2 aw±ofb***^* s n s t # & , 
(a«5 0wt%w±o«w«) kft^ft^ft^o* 

[0250] -f*^t*-rv>^7i/ 1 p<nm*im&, * 

JWlBckD/hS^fcOfcftSo 
[0 2 5 1 ] ft*5. ffi^0*ftffi£#fc«iaT*4, ^ 

cfc5ft^^vfk^>^^;i/Offil^4jafflbftv^<Dk 

[0 2 5 2] KStCt4. tt««©'h*^*m* 
ti\ Li, Na.Mg, A 1 , A g , I n£>3V>t4cn 

/!/7 7Xtt»T*«i:k^»«U>. »ffiOff£(4 1 0 
- 1 0 0 OnmSak-TSC k*W^ 
[0 2 5 3] *f«E Lfc^fcKRftS-eSfcftfcW:, '> 

* l < tefzy&tcomi&mw s o %w± t ft £ «t 5 ic mm 

t4, 0d*tf* I TO, S n O2 , Ni, A u, P t . P 
d. F— /^h^b- 7l/*;4?'J t?a-;!/ft£f£:RlfiBti: 
ffll/^Ct^^L^o Bi®<DJP£(4l 0-5 0 

Ift± * ^ 3 #> (clitE^ffiv * c k ^MTSS *V 
»SU^OtLT 10-3 I TOAWe 

[0 2 5 4] »««ft*cWtClMIB*4ftO^, H*«T*4 

[0 2 5 5] ft 43, WEte^aWft«S«rffll/^»frJC 
[0 2 5 6] *B«OtiE L*^0«JB»tt* 

B«rrs. 

[0 2 5 7] M43<krfRMC4, **j£*X/<-y 

[0 2 5 8] IE?LaA«3ll^> ^S^cfct/S^iiA* 
aMio««tJ:*4, iSKftWBIWJB^-eSSCk^SKffl 

7 7: e;V7TX«ffi$/'ct4iBilffl[g* < o. l^WT 

(ffl», TRSfflt4 0. 0 0 1 fim iST'^^o ) <Oi^M 
ft»IRW#e>nSo JBBfiSA'O. 1 f*m «riBx.Ti^ 
k, ^-ft*3tkft0, «TOIHtE«<Lft*J 
ntffte>ft<ft0, i^A»t)fl<ffiTtSo 

[0 2 5 9] H^»©*m4»fci»eSftftt>#. 1 
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0 " 3 PaJCTFO Xffift t U ^3t}gjgte 0 . I — 1 nm/se 

[0 2 6 0] cti6#*ojB«*cKffl3R»86*fflo^«« 

s fee <om, -mmmnm (xtrvn-K -r-<*y;A * 

**h») 7>^a7'7P^i7b (LB) ffifcif 

[0261] ^notaE L«?»i, am, mmmm 

xil«cfcttt*o gi*n*E«, 2-2 0 

[0 2 6 2] fcfc, *f8W©ft&B&fi. K*- ' tt**-T 20 
[0 2 6 3] 

[0 2 6 4] <^SS^J 1 > 

N, N, N' , N' -fh7 (3-e7x^'J;l/) 

(fb^No. I - 1 ) 30 
2 0 0 OmlOlftJBto^gfCm-- hP tf7x«/l/2 5 
0gO(l. 26moi), 5%Pd-C12. 5 g > X 

^y-;n 2 5 omi^ttiA^ a»*cTaiMi©7K*/f 

itt> 2 1 2g Om-7^ytf7xr:Mf/c (iRsp 
9 9. 9%) 0 m-— hPtf7x- ;U^r 2 5 4 

g (1. 2 8mol ) £Lfc«ttliEX^-;WCTfc-3 1 
^7fSK?*T, 2 1 5g com-T^y tf^x— 7l/& 
(IR*9 9. 7%) o 

[0 2 6 5] 10 0 0 0ml£>SE&&8fc:> IfiK7 7 5 40 
ml. 7j<7 7 5mU 7 7 5g ^rtti^^. m-T^y tfy 
x^/H 2 5g (0. 7 4 Omol ) £rfin*.T®ffl£-ti: 
fee cn*C0lCWTT?ffiffiSi^hU^^5 6. 3g 

(0. 8 1 6mol ) <D7 5 0 ml7j<f§f&£: 3 OiMBflST 

( 1 . 1 2mol ) CO 1 2 5 0ml*ki8iK« 1 «TL 

[0 2 6 6] E£S**B«x*/l,ffifflU WaS^T7j<: so 
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fcffi^S^-&t>H±T n - 'vfr-frVfc: t > U * y 71/ # v A 
SSU 2 9 7g Om-3-Klf7x-;l/*»fe (27<; 
y^-&t>^TOlR*7 1 . 7%) 0 
[0 2 6 7] 2 0 0 OmlOEJESBlCm-rSy tf^x 
-;H4 0g (0. 8 2 8mol ) , m-3-Flf7xX 
7l/2 3 2g (0. 8 2 9mol ) , KBWy tf/*6 3. 1 
g (0. 4 5 7mol ) , mm I 3. 9 g> -hn^Vif 
> 8 0 0 ml*tti&#. A r MTT 3 2 B$fffl*D&il8S;* 

/ncT^yay/i/tf^AWHu 4 4. 5g (3 
-tr 7x^7W (KMftA) *»* (ir*i e. 

7 %) o 

[0 2 6 8] 5 0 OmltOS/SgStC^ (3"tf7xn 
;W 7^>4 4. 5g (0. 139 mol). 4. 4 ' - 
^3— F£7x-7l/2 7. 6g (0. 0 6 8 0mol), 
»'J^A34. 3g (0. 2 4 9mol ) , MI&2. 
3g x — hn^>Hf> 1 8 Oml^rttiA^ ArMSitTT' 

^y/h;bx>= 3/ 1 fcT^'J^yyU/J^^WSL, 
3 0g©— *BMHN, N, N' , N! -T-h^ (3-hf 
7x^U;W "O^vSrlifc OR* 5 5. 7 %) Q c 
nfch/bxvteTSttHWHU M*9 9. 58%n a p 
6. 0g£fc&g9 9. 2 3%a5. Og 0K¥ 2 

0. 4%) o £6fC, PMW*«*tT^\ *Efi9 9. 9 9 
%p a p8. 0g«lfco 

[0 2 6 9] HM##T : m/e 7 9 2 (MO 
*^®1RX^^ h 71/ (I R ) : S4 
NMRX^^ h;l/ : ^5 

*e*t)»I«S (DSC) :Rb£ 2 0 7. 41C. *f 
^X<6»aK 9 5. 8t 
[0 2 7 0] <HS8WJ2> 

N, N, N' , N' -fh7 (4 — l£7x— U7W 

(ftd*Ho. ii- i) 

4-7^/tf7x-/l/7 2. 5g®'(0. 4 2 9raol 
), 4 -3- Ftf^x— 71/ 1 2 Og (0. 4 2 9mol 
) , K8*U^A3 2. 6g (0. 2 3 6mol),^ 

6. 8g (0. 1 0 7mol ) , - hn^V-tfV4 3 Oral 

WE»»K:T«i*a*i»t, ^ppt^At^m a 

JSOiS««:«ffie£Lfco ^it(Cp<^y-;l/^5 0 Oral 

*d^.^l> *rtt«*«a%L^. i#e»n/cis B B p4 9 g 

t^^P^r^K (DM F ) 2 5 0 m UdDM 

7j<?rr3£iij£;£ftcDHj e7xx;i/r^y*«fm 

UT<^/c46> MLtl^t, 1 0 0 OnltCta 

rc 0 
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[0 2 7 1 ] f#&nfczk#*S'A,7£tt»3 5g ^ h;l/X 
>7 SOnl-eSttULT, Wfi'Jy)t«BO^ (4- 
fcf:7xx;l/) r * :/*#fc 0 SfK(iiBtBLT-^a*» 
SLfco IR»«1 9g (IR*1 3. 8%) o 

[0 2 7 2] ^ (4-tT7x-7W 7^Vi 5g (0. 
0 4 6 7raol ) , 4, 4' — S*3 — Ftf^x— ;U9. 5 
g (0. 0 2 3 4mol ) , K&#y^Z*9. 7g (0. 
0 7 0 2mol ) > 83 0. 7 4g (0. 0117molK 

£H±7c 0 S*E»DMF^:7 5 0ml*D^., Mlltl io 

nfcTK^^A/rflSa 2 5g ^ l 0 0{g«<Dh;l/xyT3 

N. N' , 1ST -T- (4 -fcf:7xxU;U) ^V^y 
(!Rfi9g % iR*4 8. 6%) . £6lc, #S£ 
«H*fT0\ *W9 9. 9 9% B WI/co 

[0 2 7 3] «»#«t : m/e 7 9 2 (M + ) 
#^BRtRX^^ h/l/ ( I R) : 06 
NMRX"^ Mb : B7 

^M^S^SS'J^ (DSC) : Hu£ 2 6 7. 7°C. # 20 
^Xfe^iSS 13 1. 8°C 
[0 2 7 4] <*^J3 > 

N, N' -^7x^-N, N* (3-tf^x-U 
M n>iSi?> ({fc^ftNo. VII - l) ay^jSL 
10 0 0 0ml£>KJ&8g£, Z§*M^ 1 5 5mK 7j< 1 5 5 
g * * 1 5 5g £rft&3^ m-T^ / tf;7xX;b 2 5g 

(0. 1 4 8moi ) £/}0*TSW£-e/c o cmc o°cw 

TTifflRth'J^Al 1. 3g (0. 16 4mol)<D 

1 5 0ni7ki§f8*3 o#ra«Tu *oa5o»BBna 

fcTfltfPLfco #&nfc^r^/r.«>A*7jc»«k:, 0°c 30 

WTT3^ft*Ur>^3 7g (0. 2 2 3mol)02 5 

ontfwgjfcs: 1 toti/co ®T?s 1 vtmrnm-eikn 

U S«fcBjbT2l»IHUl»Lfc. KJfc»S**»x^ 

[0 2 7 5] cn^n-^ty(:t>"J^^7/, 
»iU 2 8gOm-3-Ktr7x^l/«ifc 

[0 2 7 6] 3 0 OmKOSJCSStCN, N' ->*7i-. 
/l/^i/S^Vl 0g (0. 0 2 9 8mol K m-3-K 
tf7xr.;l/2 5g (0. 0 8 9 3 raol ) , mMil V V I* 40 

12. 3g (0. 0 8 9 1 mol ) , »*92. 6g , - h 
D^y-tfV 1 5 0ml£tt&3t, A r %MTV 2 4 ffSfS*0 

x^;l/=5/^ncr^y*^;V*^^»S!L, l 5g cq 
—#a»«N. N ' -y7x^i/-N, N* -is (3-t£ 
7x-'J;b) ^V>? (IR*7 8. 8%) c C 

n*h;i/xvfc:rii«iiflKHL. 10. 6 g <omm9 

9. 9%fl*»fc («*5 5. 6%) 0 £ 6fC|^l|ifif 
*t7t\ttfi9 9. 9 9%p Q p*ifco so 
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[0 2 7 7] Sfi^W : m/e 6 4 0 (MO 
frWmLTs'lZVfr (1 R) : 0 8 
NMRX-?^ b/U : 09 

(DSC) :M 1 8 9. 8°C, *f 

7xg^aa 8 3. 6°c 

[0 2 7 8] <HSS#IJ4 > 

N, N ' -y'7x^b-N, N* -tfX [-4* - (N 
-7x-/l/-N-3-^f;V7x^b7^y) t:7x- 
;l/-4— f;U] (ftfrttNo. X-l 0) CO^- 

tt 

5 0 0b1OSJC8»#cN. N* -^7x-M^>*> 

3 3. 6g (0. 1 Oraol ) , m-3— K h;Ux> 2 

5. 0g (0. 1 lraol ) , 9tWtflWI*2 7 . 6g 
(0. 2mol ) , mm 2. 6g , XhP^^-tfy2 0 0 

ml*tti&#, A r^T^2 4 ^BB4Dj»a»[3f*fco S 

r'>»J*yiV*7AfmH*2lElfi i t\ 28. 1 0g CO 
N, N' -^7x^/1/- N [-4- (N-7x-/b-N 
-3 ~^f;l/7xr./l'7^y) tf7xX;l/-4 — f/b] 
-O^^^^rfffc 2%) o 

[0 2 7 9] 5 0 0ml<DRJ5S8fc:4 t 4* — 5^3 — K 
tf^xx;b8. Ig (0. 0 2molK N, N ' 
xX/U-N [-4- (N-7x-;l/-N-3-^f/b7 

xx/i/T^y) tfvxx/b- 4 — r;W 

8. 1 g (0. 0 2mol K JS^StjU «j7A 1 1 . 0 4g 
(0. 0 8aol ) , ttlftl. 0g . XhP^V-trV 1 0 
0ml«rfti&#. A r«8KTT*2 4^B*P!»a»E*^fco 
SJ£»T«, WiLT=F»W*l»#, L 
rz 0 HBtiftRIt n h;vxy = 2 / 1 ic 

r->U*^7U*^A3Ria^r2|H]fTl\ 11. 62gCOjffi 
WON, N* -/7x-;l/-N, N' -tfX [-4' 
- (N-7x-/l/-N-3-^f;b7xZ;Vr^y) tf 
7x^l/-4-^W ^^^^y^rtf/c OK* 5 8 

%) o cn^^vt hyvxy^orl^^^^xma 

IMBSiU 7. 3gCO^EJS[9 9. 9%cD&ftfe6Q3§^CD 

[0 2 80] g«»#f : m/ e 1 0 0 2 (M + ) 
*^KHXX^^ h 7b (I R ) : 0 1 0 
NMRX^ h;l/ : 0 1 1 

^M^*^S»i^ (DSC) : Wt&imm Ztitefritc 

^7X6^Si 1 3 2°C 
[0 2 8 1 ] <HSBOT5> 

N, N ' -^7x^-N, N* -tfX [-4* - 
(N , N — v — 3 - ti^x^U/Ur ^y) tf7x-;l/- 

4 — T ^U] ^y^y (ft#WNo. X-3) 

3 0 OnilCOSlCgStC^ (3 -If "7xXU;U) 7^V1 

6. Ig (0. 0 5 0mol), 4, 4' ->?3-Klf7 
xX;l/20. 3g (0. 0 5 Omol ) > KK^'J^A 1 
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3. 8g (0. 1 Omol ) * Mftl . Og,r.>u^y 
My 1 0 Oml£tt&#, A rmSSlTT2 4 BSffflMftiSiffi 

JgSSLfco »6hfeH»* n h;l/x> = 

5/lklT'>y*y/l/*7^fllHU 12. 0g<D4* 
- [N, N' (3-tf^x-U;bT^y) ] -4- 

3-K-l. 1' -e7x-;VW: (1R*4 0%) o 
[0 2 8 2] 3 0 OmlOEJSSWfc^' - [N, N 1 - 

v (3-tf^x-U;W r^y] -4-3-K- 1 , 

1 ' -e7x^V 1 2. 0g (0. 0 2 Omol ) . N. 10 
N' -^7x-My^>3. 03 g (0. 0 0 9mo 

1 ) , ^'J^A5. 5 2g(0. 0 4mol),«t» 
0. 5g , — hu^y^y 1 0 0ml£H±&#> A 
T"P2 4B»|HBipJ|(iaW«Ha:feo searr*, I1LTT> 

xy/ n -^y=2/i izxyviiffrii^umm. 

*2@fT^\ 6. 9 0g<DN, N' -^7x-/l/-N, 
N* -ex [-4' - (N. -t*7x-ij;l/ 

r^y) tr^xr.;b- 4 --on ^yWy^ntc <M 

$6 0%) o cn^h^xVtCTS*S 9 B a »KL, 5. 2 20 

tc> Si»ffi^ I R> NMRtCcfcoTleJ^Lfco 
[0 2 8 3] ft 43, ft 3 1 ML 1 0 2&C^£n3ffi<D{t 
6ftt±EO*Sfc»i;T*KtU aiM, I R> N 

[0 2 8 4] <^SS#J6>JP2 2 0 OnmCO I T02MH« 

(■«) «*r*isf7xws*, *tt»#j, r-trh 

Mx^y— ;l/^63l*±*frKj»LTUV/03 Wc# 30 
Lfc», 3S»»BOfitE^;l/^-tcHSLT, 1 x l 0 

[0285] ^-e, mmm \ <D<t&fa*mmmmo. 

2 run/sect? 5 5 nmOffS tC^fi U ISftT^^TX 

3 0°C- 1 0 0%RH*5 e fctf6 0°C-9 0%RH<DlIiH 

«tc i o^^p^±«(gLT^^B H B{b^c:e)-r. sfi 
tco^r, fix^w-«f»«8iAc- i caww- 40 

HH) -C-T*>ft*f p*JBELfcfcc5, 
5. 3 5eVT'feo/c 0 

[0 2 8 6].<*««7>*»«2 43<fctf*ai«3^ft 

»J6i:iRi«, i 0^^r^±«gLTt^ B B B toiSac6 

ftfrofco l/clf»I pli, ^nfn5. 3 6eV*5 
£tf5. 3 8eVT'&ofc 0 

[0 2 8 7] <llfiSfi?lj8>IISSffj4*5j:t>'^SSCT5<0{t 
^tco^Tllfififll 6 t RlttfcftK Lfc £ 6 
fcHML l 0^^P^±*SLT^^ B B B ft:(i:^cP,ft^ so 
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ofco ^fc^S^OI pte, ^n?n5. 32eV*5<fc 
t>*5. 28eVT*6of:o 

[0 2 8 8] <tmm I >*8Mfl 1 0{fc-&«0«te9 
tC. {fc-&«3®N. N* -^7xX;l/-N, N' (3 
-^f;l/7xx;W -4, 4' -z/T^S- 1 , 1" - 
b*7xx;l/ (Bug: 17 1. 2°C. ^7^(£»iaS : 6 

i. 3°c) . ft*«©i. r (4- 

^- P -hU;l/7^y7xx;W i/^n^it^ (IB 
jS : 18 7. 8°C, fvXg^US : 7 9. 9 °C) ^rffl 

3 0°C-1 0 0%RHO@^tlttIt/co §&5$#J6~ 

I^ft!©(i3 0g(c, ft^©^ 3 0 B@tc 

[0 2 8 9] *fc, *ail«6fcHW«fc:fb&*®i:fk** 

©CO^t I p*M£LfcfcC3ft«»®, ©fcfcK 
5. 4 OeVTfeofco 

[0 2 9 0] <*§g#lj9>/P£ 2 0 OnmCD I TOSSES 

a (»«) **"rs*7^a«*, *ffijt»h r-th 

»x*y— ;l/*^65l#±tfTia»LTUV/03 Wei* 
Lfc», 3R»»B<OS«*;V^-^HSUT, lxio 
- 4 PattT$"T?«JEL/£:o 

[0 2 9 1 ] £f\ 1 Offc***3R«affltO. 2 

nm/secT*7 5 nin<DJP2 tC^g U lETUiAfftiliB £ b 

/Co 

/secT' 5 0nmeOJP«*C3R#Lr, WT&XWM ' ««« 

[0 2 9 3] S&fcl, UE«B*filofcSS, MgAg 
(MBit 1 0 : 1 ) ^T^a^iJg 0 . 2 rim/sec-? 2 0 0 ran 

[0 2 9 4] CCDE L*?fcB«Wffi*BMlPL, &Sf£ 
BSTFl 0raA/cra 2 C0--^l|^S"e^|gK^^/c:o W 
^jtCte, 6. 5V, 4 0 0cd/m 2 <OH3Bfe C^T^AK 
ft A max = 5 0 0 nm) ©*fttf«B«tlfe. »g<0¥il£ 
B3fKU3:6 0 0B$fMT\ ^-OM(OSB«litJEO±»«4. 0 

7h) r;l/^x^i,OifI<7)I p(i5. 64eV"C* 

0. 2 9eVT'^-p/co 

[0 2 9 5] <»J10, 1 l>«»«9fC*l^T, 

[0 2 9 6] <)m.mz, 3>HS6ffU9tC^^T, USS 
1 <Dit^<DiXt> K> Ktmm 1 <D{ta*®£fcte®£: 

[0 2 9 7] ^Sg^J9-l K tt«SWU2 - 3 JCOV^TW 
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[0 2 9 8] 



«1] 



» 1 





<b * <n 






I pH 
(eV) 


» ae 

(cd/V) 


m ee 

(V) 


(hr) 


w 




WfcWil 


400 


6.5 


600 


4.0 


0.29 


WWW 


WS0J2 


420 


6.5 


620 


4.1 


0.28 


WMNu 


3586013 


380 


6.6 


500 


3.8 


0.26 


axm2 


CP 


300 


5.2 


120 


7.6 


0.24 




© 


360 


8.5 


<19* 


temm 


0. 24 



3BfB»»Ctt«I«JE*U 1. 5V K±#U 



[0 2 9 9] <IWJ1 2, 1 3>JOH089lC*^T, 



4Offc-&tljT0. 3 



2 e V, *»«5O{fc**TC0. 36eVT'feo/c 0 



[0 3 0 0] <HSSW 1 4 >JP£ 2 0 OnraO I TOM 

ens) t*t*#7^ist, *tt«»K r-feh 

j»x^y-;i/^^gi#±tfre«lLru v/03 «t» 
Lfc*, 3R»«Hoafi*;l/y-fc:HffiUr, 1 x l 0 
-« PattTS-CBELfco 

[030 1] if, *U (ft7x>-2, 
/I/) ^Staao. 1 nm/sec"e2 0nm<DJP2fc:^t U 

[0 3 0 2] »E*IR*«ofcS*, *fi60» 1 

COfk-&«I*^»aK 0 . 2 nm/secT 5 5 nmCDiP^ icMM 

[0 3 0 3] 261c, »Ett«*«ofe*S, b'J* 

/secTS 0nm<D»StC3R»L-t\ a^SA^jM • 

[0 3 0 4] ££(C, j*JEtt«*«^fc**, MgAg 
(MStfc 1 0 : 1 ) *mmmm 0 . 2 nra/secT* 2 0 0 nra 



<DJP*fc:*»LT»«i:U *« EL 

[0 3 0 5] £<DE L*?*Cl«ai«E*93ftPb. KJftS? 
1»T1 0mA/cm 2 ^--^m^3;S^}l^|g^^^/Co 10 
Hfc:t±, 6. OV . 3 5 Ocd/ra 2 (^ftJSAS 
^Amax = 5 0 0nm) ©«ft*fl»B<*ttfco ffgO^i 
^KUi 1 6 0 0f$R8T% *<DWl<DmW)VLEE<D±mZ2. 

[0 3 0 6] $6fc*©»fc««'J--*W:Sc&'i\ fi 
[0 3 0 7] Cft50«*«, f^X^W^ltlSffl 

*iniat"s««*^6, s&icanBSfflK (40^) 

T?»«B»*-efco SJWfctt 1 4 0 Ocd/m 2 Oi^Sfi* 

<0±»te5. OV T&^fco 
[0 3 0 8] <^§&#J 1 5, 1 6>mi&m 1 4K*5^ 

SSffifil OmA/cm 2 CO^T'(pJ^^#tt%Ii^/c:o 
[0 3 0 9] ^iSStflJ 14—1 6lCO^T«SKffifi 1 OmA 

/cm 2 ^^ftT*C0#1l^^ 2 K^lTo 

[0 3 10] 
[*2] 



« 2 





ft* * 


IP) S3 




i P i 

(eV) 


(cd/V) 


m je 
ro 


(hr) 


(V) 


HJS0H14 


HBfeWl 


350 


6.0 


1600 


2.3 


0.29 


WSW15 


Wfe#J2 


360 


5.8 


1800 


2.5 


0. 28 




WS0J3 


330 


5.8 


1500 


2.3 


0. 26 



[031 i] <mmm\ 7, 1 s>nm&n 4^*5^ so x, *a^i t>*c, nBm*<ott&m* 
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[0 3 12] <^5S^J 1 9>J¥£ 2 0 OnmCD I T02HE 

ens) **rr*#7XWR«\ *tt«t»j, r-th 

»x*y-;b*^65l#±tfTft»LrUV/03 Mc» 
Lfcm, 3R»*H©Wfi*;l/^-JcH«bT, l x l o 
■ 4 PaJ^T^TMJEL/c 0 

[0313] s?\ *»«ioftdWi:/i/ru>**n 

^fn 0 . 2 nm/sec, 0 . 0 2 nm/secOS[»Sfi"e h — * 

/W 5nmO/P£tc3gSU IE7L&Afii£Jf i: Lfc, 
[0 3 14] #^T\ «ffm^§^:^> h'JX 
(S-^yj/^h) T/R-^^lfMO. 2nm 

/sec-e5 0iffl©wsk:*»LT, m^£A«^ • »«jb 



m 3 



[0 3 15] ^^>tc, «ff«J»*«ofeS*. MgAg 
(SBJt 1 0 : 1 ) £^3tJgg 0 . 2 nm/secT 2 0 0 nra 

[0 3 1 6] CC0E LjlWCfI8Mff*ff«inU £*83? 
SfTl 0raA/c m 2 O-^SfimST3lMigSl^^:fco ffl 
#»Cte, 6. 2V, 5 5 0cd/m 2 Olfe (3Ett«*8S 
Amax = 5 5 0 nm) 0»K*WBSnft 8 »SO*S«F 
Hit* 1 5 0 (mWT\ *OBB<OKi!l«ffiO±*tt2. 8 
V X-tb-otco 

[0 3 1 7] <i»|2 0,2 1 >HSEfflJ 1 9fC*5^ 

fc«4*«flfl30ffcd**ffll^TBIIifcEL*^*f», R 

[0 3 1 8] H#&#JJ 19-21 fcT3^T»tt**4:a&T 
a 3 (d^-To 
[0 3 19] 
[13] 





it * w 






i P m 

(eV) 


& e 

<cd/m*) 


m be 

(V) 


(hr) 


(V) 




8QM1- 


550 


6.2 


1500 


2.8 


0.29 






580 




1600 


3.0 


0.28 






530 


6,2 


1300 


2.9 


0.26 



[0 3 2 0] <Ili2 2, 2 3>nMM\ 9lClS^ 

MttW/ci::^ 9fcPMFtt±<ojft» 
****** Lfc. 
[0 3 2 1 ] <nmmz 4>/P£ 2 0 Onm<D I T08W 

«s (km) wt«3if7^sfi*, +tt»»J, r-feh 

>\ x*y-;l/*fflv^TH*iSSJfej*Lfco 
ix^y-;WP,?|f±^lLTUV/03 

i^UlO- 4 PaJ^T^TMJELfc 0 
[0 3 2 2] sRl) 5-5/V 

*BMmmft) 0 . l lun/secT^] 2 0 nra<0/P£ (CJK* 

[0 3 2 3] #^T*fflt**S[TfcKU BUJKStti 
«: 1 x 1 0 - 4 PaJaTSTJfiELfcSL Xtt9J 1 <D{t&fa 
£fr7U>**tl?t\mmm&0. 1-0. 2nm/sec. 
0. 0 1—0. 0 Znm/secVh — ^J^5 5rm<Dm^ifC 
«lfl, fBrifliiAfftiMB^L/co 

[0 3 2 4] £6tc, »E«!B*fiofc$S, hUX 

(8-^yjy^h) r;i/ = -^^^#aSso. i - 

0. 2nm/secT^5 OnmOff £tC3&»U H^SAIftSI 
[0 3 2 5] £6kl> »E*tt*«ofe*«, MgAg 



50 



(BBJtl 0 : 1) &mmX£0. 2nm/secTi$2 0 0 

[0 3 2 6] COE LiR^cKMBffiSBUPL, fti*?? 
HIT 1 0mA/cm 2 C>-^«?5ltSgjeTS^l[»I^-^/Co «3 
JEtCte. 6. 2V, 4 2 0cd/ra 2 ©life (SS««^KS 
Amax = 5 5 0 nm) ©«ftjW»B*tlfc. 
W±2 ooo^PH-e. -€-<0BBC0K»«ffO±^i4. 9 

v r^^tco 

[0 3 2 7] cneo^Sti, -r-f X^WfcLTJSffl 

SiQ*r«*Jfo*6u (4 OmA/cm 2 ) 

-C»tte»3-&fci fflWJfcfc* 1 4 9 Ocd/m 2 OiSSS^r 
tt^U *©^HfflB*i5 0 0HJIBT, *<Offfl<DJB»«JE 
<D±»&3. 5 V 7?«ofco 
[0 3 2 8] <HSS^J2 5>H»J2 4lC*5^T\ *r 

SfiCT 4 0{b^*ffl^*«frteH«te LTE L*?*» 
/Co CCOE L*^fCO^T*fi6«y2 4 fcRfl»C«M£#» 

^fc 4: c 5 , SiSSflJ 2 4 t mmA±<DBL&%&%*7r> 0 

/Co 

[0 3 2 9] <1&1WI2 6>H^ 2 0 OnmCO I TOHW1 

cms) m5^7XiK, r-feh 

x^y-;l/^6?l#±frfTK«b, UV/Oa ift^L 
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rem. n&mmmm<Dmm*ji#-izmfeLx\ n&m 

% l x l O - 4 PaJ^T £ "C MEE L fc 0 

[0 3 3 0] *)WWlO{b^i*l*3R»3S«0. 1 

~0. 2nm/secT^5 5nm/secCOiP^fC^SL, iE?La 

[0 3 3 1 ] £ «ffiK!&S:<Sofc$£, SuieiETL 
ftA«jM«*4tS^aA«fai*t^tbTh'JX (8-* 

y v/7 h) r;b^n^A^r($i^i5]i:^Sjaja co. i 

-0. 2nm/sec) TitltLT, U^M^KM t LT 

[0332] ^etc, »jEtt«*«ofeSS, tuism^ 
&xw&tfn*mwmm o . i - o . 2 m/sec-ow 3 0 

[0 3 3 3] WEtt»t«ofc*S, MgAg 

(fifijrfcl 0:1) «iK*jaftO. 2nm/secTi$2 0 0 

[0334] ccoe LmTicw.mmttmnu nmn 

ilTl 0mA/cm 2 C0--^mi5fL^fiT^|g«)^^:rc o ffl 
miCl* s 6. 7V, 4 7 0cd/m 2 Olttife (K*S*tt 
ft A max =50 Onm) ©RJttfMBSttfco 20 
f9Ht* 2 0 0 0 «fHT. *CO|IB(Oe«l«EO±»tt 3 . 
OV Tfcofco 

[0 3 3 5] <*W«2 7>*»«2 6*C^>T, IE7L 
lCLTEL^tS/co C£OE L^tCO^T^SS^j2 

[0 3 3 6] <^mm2 8>m~£ 2 0 OnmO I T OiSB^ 
»x^y-;l/(»i^65l*±*fTtt*UTUV/03 Sci^ 

[0 3 3 7] #.U (^7iy-2, 5—>V 

/I/) *mm&mfc)0 . l ran/secT* 2 0nmtf>ff£lC3K» 

[0 3 3 8] »t^Kffl«**:*TfcRL^ 
3r 1 x 1 o- 4 PaWTS-CKELfea, HSBffll 1 Olfc^ft 
*3«*fi8SO. 1-0. 2nra/secTift3 5 nm^ffStcH 4 o 
iU W-jEJLttAWaSJifc: Lfc 0 

[0 3 3 9] £6(C, WJE««*«ofcSS, MiESC 

(0. 1-0. 2nm/sec) T'ftlfLT, 

[0 3 4 0] 2£tC, «ffiK»*«ort:£3U *9E«f 

&xtitmttn*mmmmo. 1-0. 2nm/ S ecT*^3o 
nino»**c3R»u izxmmmtLrzo 

[0 3 4 1] ££>{C, SJE#lg%So/c3;£, MgAg so 



170 

mmtt i o : i ) zmmmm. o . 2 nm/sec-ew 200 

nm<DBZlcMmLXmMt U E L 
[0 3 4 2] COE LUS^HaWffiifeBljtaL, K«» 
i^Tl 0mA/cm 2 C0-^iSSB*Ta^lgSj^^7Co «J 
BftCte, 6. IV, 35 Ocd/m 2 OSifi (^ftHAS: 
gAraax = 5 0 Onm) 0«tt#«BB£ftfc. WS^O^iS 

OV T*£>o/c 0 

[0 3 4 3] <H35SffiJ2 9>*8S0U2 8 fC*V*T\ 

«fc»tt*IWBLfco COgi, SIJW*c«6. 2V, 3 
6 0 cd/m 2 ^Mife (fgft*IAi£M A max = 5 0 0 nm) 

(D&yummititta n&<D¥imm*2 ioow 

*OBOHltEO±fftt3. 3V t^o/co 
[0 3 4 4] <HjS0U3 0>mmm2 8lC*5^T v IgZl 

[0 3 4 5] &*5, ±|B#lfi8#j9~3 0£*5^T, ±IS 
««±*WWcffl^TW*fc«*<DE L*?**, |p)« 

[0 3 4 6] 

[0 3 4 7] £rc*f£W<DGWlE L*?«4, ±Seft^ft 
[0 3 4 8]^(c, iE?LaA^jMM^2ji^:LT, 1 M 
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